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THE ARCHITECTURE OF THE BLOOD VASCULAR NET- 
WORKS IN THE ERECTILE AND SECRETORY 
LINING OF THE NASAL PASSAGES.* 


P. F. SwInb_e, Pu. D., 


MILWAUKEE. 


The architecture of the networks in the mucous lining of the 
nasal passages will be discussed in connection with erection of the 
tissue and the concomitant production of the nasal discharge. An 
important part of the discussion of the angioarchitecture is a discus- 
sion of the presence of pseudo-arteriovenous anastomoses, or PAV As, 
the absence of true arteriovenous anastomoses, or AV As, and the prob- 
able reasons for the absence of AVAs in this erectile tissue. To a large 
extent the discussions will be limited, in this paper, to results ob- 
tained from some dead animals. Many animals were studied, but the 
figures showing the blood vessels in the nasal lining were obtained 
from the reindeer and the Walaroo kangaroo only. The reindeer 
was selected because its nasal lining is exceptionally vascular and erec- 
tile. The kangaroo was selected because its nasal lining is relatively 
avascular and is only slightly erectile. Aside from the figures showing 
the blood vessels in the nasal lining, two figures showing some AV As 
are presented in order to indicate the merits of one of the methods 
used to determine the presence or absence of AVAs and to point out 
some reasons for their nonexistence in the erectile tissue of the nose. 


*From the Department of Physiology, Marquette University School of Medi- 


cine, Milwaukee, Wis. 
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The photograph (Fig. 4) and all of the photomicrographs were 
obtained from the specimens after they were thoroughly dehydrated 
with absolute alcohol and cleared by the Spalteholz method of dis- 
placing the alcohol with benzene and then displacing the benzene 
with synthetic oil of wintergreen. Fig. 3 was obtained from the 
fresh, uncleared specimen. The Eastman infra-red plate 1R was used 
with the Wratten A filter in obtaining the infra-red photograph 
(Fig. 4) and three of the photomicrographs (Figs. 5, 6 and 7). The 
other infra-red photomicrographs were obtained by using the East- 
man infra-red plate 1R without the Wratten A filter. 


The arteries were injected first with India ink and then red 
cinnabar (Figs. 1, 2, 11, 12, 13 and 14) or with red cinnabar alone 
(Figs. 3, 4, 5, 6, 7, 8, 9 and 10). The cinnabar is radiopaque if it is 
packed firmly in the vessels (Fig 3). Upon using the 1R infra-red 
photographic plate with reflected light, the cinnabar photographs 
as brightnesses which range from white to neutral gray (Figs. 4, 6, 
8, 9, 10 and 11). Upon using transmitted light instead, the cinna- 
bar photographs as black (all of the vessels in Fig. 5 and all but the 
capillaries and some of the smallest arteries and arterioles in Fig. 14). 
The three-dimensional effect can be enhanced by superimposing the 
negative taken with reflected light upon the negative taken with 
transmitted light, rephotographing the superimposed negatives and 
then printing from the single negative (Fig. 7). The cinnabar can 
be photographed as a gray of a desired brightness by exposing a 
single infra-red plate to first reflected and then transmitted light 
(the relatively nontortuous vessels in Figs. 12 and 13). The cinna- 
bar in the large arteries in the specimen presented as Fig. 12 (the 
large, relatively nontortuous vessels) photographed as light grays be- 
cause the plate was exposed to both reflected and transmitted light 
but principally to reflected light. In the more highly magnified por- 
tion (Fig. 13) of the same specimen, the arteries are not entirely 
black but are much darker than those in Fig. 12 because the plate was 
exposed principally to transmitted light. Such variations in the pho- 
tographic technic are useful for emphasizing different features of a 
single specimen. This is especially true when the arteries are injected 
with cinnabar and the capillaries alone or the capillaries, venules and 
veins are injected with India ink. 


Upon injecting first India ink and then red cinnabar into the 
arteries, the ink is driven into some of the capillaries only (Fig. 14) 
or into the capillaries, venules and veins (Figs. 11, 12 and 13). If 
the cinnibar is not firmly packed in the arteries some of the ink may 
remain in some of the smallest arteries. The amount of the ink pass- 
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Fig. 1. Photomicrograph of two AVAs connecting an artery with a choked 
vein in the wall of the stomach of a five months’ human fetus. The vein is the 


upper large vessel in the figure. Note the manner in which the vein and a branch 
of the large artery are coiled about one another somewhat peripherally to the 
anastomoses. The fetus was injected from an umbilical artery, first with India 


ink and then red cinnabar. The magnification is the same as that for Fig. 2. 


Fig. 2. Photomicrograph of nine simple arteriovenous anastomoses (indi 
cated by arrows) and one split one (indicated by two arrows and a bracket) in 
the ear of a rabbit. The split anastomosis is also represented with pen and ink. 
The arteries of the animal were injected first with India ink and then they were 
packed with red cinnabar. The skin was removed from both sides of the cartilage. 
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ing into and beyond the capillaries may depend upon the amount of 
ink injected as well as upon the amount of cinnabar packed in the 
arteries. Since the radiopacity of the cinnabar is poor unless it is 
packed firmly in the vessels, a roentgenogram of the fresh tissue can 
be used to determine whether the nonradiopaque ink has been driven 
entirely out of the arteries. If the roentgenogram shows that the 
smaller arteries are only slightly radiopaque, more cinnabar may be in- 
jected into and packed in the arteries until all but a certain irreduci- 
ble minimum of the ink is forced out of them. For some purposes it 
is useful to leave some ink in the smaller arteries. 


By using the infra-red plate and either transmitted or reflected 
light, ink in blood vessels photographs as grays ranging in bright- 
ness from a dark gray to black. The details, such as the capillaries, 
can be obtained more clearly with transmitted light only (Fig. 14) 
or transmitted light primarily (Fig. 13) than with reflected light 
primarily (Fig. 12) or reflected light only (Fig. 11). 

Cinnabar can rarely be packed firmly enough in capillaries for 
these vessels to be visible in the photomicrographs. In the specimens 
presented as Figs. 7 and 8, for instance, injected capillaries can be 
seen, but they are not distinctly visible in the figures. The kind of 
light to which the infra-red plate is especially sensitive seems to 
make its way between and around either very loosely packed parti- 
cles or very slender columns of cinnabar almost as well as it makes 
its way among the particles of ordinary fog. This kind of light is 
obstructed much better by the very dilute solutions of the non- 
radiopaque India ink. The very slender columns of India ink in the 
lumina of the capillaries can accordingly be demonstrated much bet- 
ter photographically than the very slender columns of cinnabar in 
the lumina of these vessels. 


Under certain conditions an abundance of cinnabar can be 
urged through the capillaries and into the veins (Figs. 8, 9 and 10). 
This feat can be accomplished best by first diminishing the elas- 
ticity of the perivascular tissue while the intravascular fluid pressure 
is being altered in a rhythmical manner. The pulsatile variations in 
the vessels may be produced while the tissue is placed for several sec- 
onds in a moderately concentrated hydrochloric acid and then for an 
hour or more in tap water. A more convenient method consists in 
injecting a 2 or 3 per cent solution of hydrochloric acid into the 
arteries and varying the injection pressure for many minutes. The 
tissue becomes edematous and loses its elasticity to such an extent 
that if a portion of it is compressed with a blunt object, such as a 
finger, this portion remains deformed for some time. Likewise, when 
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Fig. 3. Roentgenogram of a fresh ventral turbinate from the right nasal 
passage of a reindeer fawn. Red cinnabar was packed in the arteries. 

Fig. 4. Photograph of the inferior turbinate of the fawn after the bone 
was decalcified and the tissues were dehydrated and cleared. Photographed with 
reflected light. Specimen immersed in methyl] salicylate to avoid high lights. 


the perivascular tissue is repeatedly forced aside by the walls of the 
rhythmically dilating vessels, it remains compressed for a sufficient 
length of time that the veins, as well as the arteries, can be packed 
with cinnabar by injecting this substance in a rhythmical manner 
into the arteries (Figs. 8, 9 and 10). 


If no AVAs are present, cinnabar or India ink may be driven 
from the arteries into the capillaries but not entirely through them 
into the veins (Fig. 14) or the injected substance may be urged into 
the veins through the capillaries (Figs. 7-13). AVAs were not dis- 
covered in the mucous lining of the nasal passages of any of the 
mammals examined. Figs. 1 and 2 are presented in order to show that 
such pictures as Figs. 5, 6 and 14 could not be obtained from the 
mucous lining if AVAs were present in this lining. Instead of the 
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Fig. 5. Photomicrograph of a mounted portion of the cleared mucous 
lining of the right nasal passage of an adult reindeer. Red cinnabar was in- 
jected into the left common carotid artery. Photographed with transmitted 


light. 


actual features of Fig. 14, the veins would have been inflated with 
India ink and cinnabar (as in Figs. 1 and 2) if AVAs had been pres- 
ent in the mucous lining. Figs. 1 and 2 indicate that it would be 
possible to locate the AVAs in the mucous lining of the nostrils if 
AVAs were present in this lining. Even the smallest AVAs which 
could be found in the ears of rabbits were injected in such a manner 
that they had a close resemblance to lighted neon tubes when these 
AVAs were examined with a binocular microscope and _ intense 
reflected light. 

One of the AVAs in Fig. 2 has a large hole in it, i. e., a part 
of it has divided into two vessels. The two vessels of this AVA are 
pointed out in the photomicrograph by the two arrows under the 
brace, and a pen and ink reproduction of the entire AVA is placed 
to the right in the figure. This incompletely divided vessel represents 
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Fig. 6. Same as for Fig. 5 except that reflected light was used. 


an early stage in the metamorphosis of an embryonic AVA into an 
arteriole and a venule connected with one another by a capillary 
network. As an embryonic AVA grows in length, it loops away from 
its original position and divides into two or more parts wherever the 
surrounding tissue causes opposite walls of the anastomosis to come 
in contact with one another. Some observations made principally 
on embryos of living viviparous snakes show that at the points of 
contact of the opposite walls, these walls fuse to form two or more 
blood channels out of one, and that the newly created vessels may 
separate widely from one another. 


Each of the new vessels may loop away in different directions 
and divide into two or more parts and so on until the original anasto- 
mosis consists of a principal arterial trunk and a principal venous 
trunk which lie side by side and which are connected with one an- 
other at numerous points by relatively small arterial and venous 
branches and capillary networks. This metamorphosis may be of 
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Fig. 7. Composite photomicrograph of a mounted portion of the cleared 
mucous lining of the left nasal passage of the same adult reindeer from which 
Figs. 5 and 6 were obtained. A _ negative taken with reflected light was 
superimposed on a negative taken with transmitted light, the superimposed 
negatives were then photographed and a print was made from the single 


negative. The magnification is the same as for Figs. 5 and 6. 


such a nature that the original AVA finally consists essentially of an 
arterial network, a venous network, numerous arteriocapillary anas- 
tomoses or terminal arterioles, numerous venocapillary anastomoses 
or terminal venules and numerous capillaries. 


In some tissues of the body, as in and very near the cartilage 
of the pinna, some of the embryonic AVAs cannot loop away from 
their original positions. They are held in place by the solid tissue 
about them. These accordingly persist as relatively simple arterio- 
venous connections instead of very complex ones. The soft tissue of 
the mucous lining of the nasal passages is very much unlike the carti- 
lage of the pinna. This soft tissue should not be expected to prevent 
the complete metamorphosis of the embryonic AVAs in it. 
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Fig. 8. Same as for Fig. 6 except that the specimen was from the left 





nasal passage of another adult reindeer. The head of this animal was injected 
first with a weak solution of hydrochloric acid to increase the lumina of the 
capillaries so that the cinnabar could be urged through them and into the 


veins. 


Under certain conditions of congenital, partial obstruction of 
the flow of venous blood in a vein, embryonic AVAs fail to undergo 
metamorphosis at points somewhat centrally to the points of obstruc- 
tion. Embryonic AVAs may accordingly persist in a tissue in which 
they are not ordinarily found. For instance, Fig. 1 shows two persist- 
ing AVAs in the wall of the stomach of a human fetus. These are 
situated somewhat centrally to the point at which an artery is chok- 
ing the vein. The vein and artery are coiled about one another. 


One may also observe that all of the AVAs in the nest of per- 
sisting AVAs in Fig. 2 are connected with two branches of a vein 
which pass underneath two arteries. Examination of the specimen 
shows that both of these arteries are partially imbedded in the carti- 
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Fig. 9. The same reindeer and the same nasal passage as for Fig. 8. 
This shows the deep veins as they may be seen through the decalcified and 


cleared bone or cartilage. The magnification is the same as for Fig. 8. 


lage at the points where the venous branches pass under them and 
that the veins are compressed between the arteries and the cartilage. 
All of this nest of eight simple AVAs and one divided one can be 
said to be located centrally to the points of partial obstruction of the 
veins. The same is true of the AVA in the lower right corner of the 
figure, but the point of the venous obstruction is not shown in this 
photograph. The relatively dark slender portion of the artery which 
is associated with six simple AVAs and one divided one is completely 
imbedded in the cartilage. There are many other ways in which the 
flow of venous blood can be locally impeded to such an extent that 
the persistence of embryonic AVAs centrally to the points of the 
partial obstruction is favored. 


The metamorphosis of an AVA into an arterial and a venous 
trunk and their branches implies growth. It is important to observe 
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Fig. 10. An area showing a somewhat greater complexity of the venous 
network than is shown in Fig. 9. The magnification is the same as for 
Figs. 8 and 9. 


in this connection that the growth and the resulting metamorphosis 
of the AVAs fail to occur at points where there is relatively little 
venous blood in the vein (due to the venous obstruction) and a rela- 
tively large amount of arterial blood in this vessel (due to the inflow 
through the AVA or AVAs from the artery) and that the portion 
of a leg peripherally to an arteriovenous fistula may grow more rap- 
idly than the corresponding portion of the other leg (a well-known 
clinical fact). Such observations indicate that arterial blood in some 
way hinders growth and that venous blood in some way promotes it. 
The arteriovenous fistula in the leg shunts some arterial blood away 
from the distal portion of the leg, and the AVAs centrally to points 
of venous obstruction are exposed to arterial blood only or primarily, 
and accordingly fail to undergo the necessary growth for the meta- 
morphosis of them. Perhaps the hydrogen ion concentration of the 
venous blood is the important growth factor. 
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If the network of veins in the walls of the stomach were as 
complex as the network in the mucous lining of a nasal passage, one 
or several partially occluded veins would have so little effect on the 
flow of the venous blood that the metamorphosis of the embryonic 
AVAs would not be arrested. It is true that in the postnatal mammal 
numerous veins are severely compressed every time the vein-like 
arteries become greatly dilated, but this compression takes place 
long after the embryonic AVAs have metamorphosed into the com- 
plex arteriovenous connections. The veins in this tissue are relatively 
simple vessels in embryonic and fetal life. The aneurismal dilatations 
and other irregular evaginated portions of the veins develop princi- 
pally after birth. The veins become more complex with age. It is 
probable that they become more complex every time the tissue enters 
into a state of erection, as during a common cold. 


The arteries in the lining of a nasal passage form a single net- 
work which will be spoken of somewhat abstractly as two inter- 
connected ones. They are delicately interlaced at many points. Only 
one of these networks can be clearly seen in the roentgenogram (Fig. 
3) and in the infra-red photograph (Fig. 4) of the same turbinate. 
The arteries of this network are extremely inflatable and are histo- 
logically very similar to many veins of the same size. These vein-like 
arteries have no branches which can be called arterio-capillary anas- 
tomoses, i. e., none of their branches are terminal arteries or arterioles. 
All of the vein-like arteries are arterial anastomoses. The other arte- 
rial network consists of relatively very slender arterial anastomoses 
which have a much greater resemblance to typical arteries. These 
anastomoses will be called typical arteries to distinguish them from 
the relatively large vein-like arteries. The typical arteries can be seen 
very clearly in Figs. 5, 6 and 14. They give rise to numerous arterio- 
capillary anastomoses which are the terminal arteries and arterioles. 


Some of the small anastomotic connections between the vein- 
like arteries and the typical ones should be called pseudo-arterio- 
venous anastomoses or PAVAs because it is often impossible in the 
living tissue to distinguish between these and such true arteriovenous 
anastomoses or AVAs which are normal structures in the ear of the 
rabbit, according to Clark and Clark (1934) and others. In hun- 
dreds of instances anastomoses which seemed at first to be AVAs 
were proved to be only PAVAs. The problem of the presence of 
AVAs and PAVAs in this erectile tissue was given much considera- 
tion because Hoyer (1877) reported the presence of AVAs in the 
similar erectile tissue in the penis and because the notion is common 
at the present day that AVAs are undoubtedly present in such tissue. 
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Hoyer’s observation could not be confirmed in this laboratory (un- 
published comparative study by Dr. L. J. Deysach). The architec- 
ture of the blood vascular networks in the corpus cavernosum of 
the penis is fundamentally the same as that in the erectile tissue of the 
nose. 

The vein-like arteries shown in Figs. 3 and 4 were greatly inflat- 
ed with red cinnabar in water, and the mucous lining was accordingly 
in a state of exaggerated erection. About six weeks after the death 
of the fawn the arteries of the entire head were injected in a rhythmi- 
cal manner from first one and then the other common carotid artery. 
The other arteries of the neck were occluded with ligatures and hemo- 
stats, but the veins of the neck were not closed. As soon as the animal 
died the head was removed from the body, drained of its blood, 
kept in a frozen state for about six weeks and then kept at ordinary 
room temperature for twenty-eight hours before the injection was 
made. The cinnabar was injected into the arteries in a pulsatile man- 
ner for a total time of about two hours in an effort to urge the 
cinnabar into all parts of the arterial, capillary and venous networks. 
However, the cinnabar particles could not be urged beyond the arte- 
rial capillaries at any point. 


Figs. 5, 6 and 7 were obtained from the mucous lining of the 
nasal passages of an adult reindeer (the mother of the fawn). The 
animal was killed because of an irreparable condition of a leg. The 
head was quickly removed and perfused for about one minute with 
a4 per cent solution of sodium citrate. About thirty-five minutes after 
the death of the animal, cinnabar in water was injected in a rhythmi- 
cal manner into the left common carotid artery for a total time of 
about two hours. The other arteries of the neck were closed but all 
of the veins of the neck remained open. At all points to the right 
of the septal cartilage all of the arteries and many of the arterio- 
capillary anastomoses became well injected (Figs. 5 and 6). On the 
left (the side of the injection) a small amount of the cinnabar was 
successfully urged through some portions of the capillary network 
(Fig. 7). Some of the capillaries remained injected well enough to 
be seen clearly in the specimen, but these photographed very indis- 
tinctly. The cinnabar, which resembles snowdrifts between the 
arteries, is in the lumina of some irregularly distended veins such as 
can be seen much more clearly between the large arteries in Fig. 8 
(from another reindeer) than in Fig. 7. 

The lumina of the vein-like arteries to the right of the septum 
were increased about 200 per cent over the normal lumina in the liv- 
ing animal. The vein-like arteries to the left of the septum were 

















926 PF. SWINDLE. 
inflated still more. It is very difficult to estimate the increase over 
the bloodless condition of the arteries because many of them are 
almost flat when they are empty. The lumina of the typical arteries 
became only slightly greater when the cinnabar was packed in them. 
Even some of the typical arteries become almost flat when they are 
empty or almost empty. Although some particles of the cinnabar 
were urged through some of the capillaries on the left side, the arte- 
rial capillaries were sufficiently occluded everywhere by these stable 
emboli to permit an exaggerated state of erection to take place, as the 
arteries were inflated and packed with cinnabar. 


It is probable that much of the injected water passed through 
the capillaries and into the veins, because the veins lying between the 
large arteries can be seen as greatly distended vessels in the fixed, 
cleared specimen. The water in the veins could not escape very 
readily because the venous avenues of escape were strongly com- 
pressed or mashed by the greatly inflated vein-like arteries. A con- 
siderable amount of water was trapped in the irregularly dilated veins 
which can be seen between the arteries of the specimen. These veins 
between the arteries will be called venous traps. They are venous 
water traps if only water is injected, venous water and cinnabar 
traps if water and cinnabar are injected together and they are venous 
blood traps in the living animal whenever the vein-like arteries be- 
come greatly dilated. The dilated vein-like arteries block the escape 
of fluid from these traps more than they block the flow of liquid 
into them through the capillaries. 


As the arteries and venous traps became inflated and the erec- 
tion was accordingly increased, a copious discharge streamed from 
the nostrils. This discharge was at first very slimy and viscous, but 
it eventually became almost the same as water. This change from 
the viscous to the watery type of discharge reminds one of the change 
in the nature of the discharge from the human nose in the course 
of a common cold. This is very commonly viscous at first and then 
watery, although the viscous, prodromic discharge from the relatively 
very small human nose is so small that it is commonly overlooked 
and is accordingly not ordinarily considered as being a part of the 
clinical picture. If the viscous, prodromal discharge is overlooked, 
the first discharge observed is a watery one, and in case of secondary 
infection of the mucous lining the watery discharge may be followed 
by a relatively slimy and viscous one. 

The discharge from the nostrils of the reindeer was not colored 
with blood or cinnabar at any time, and no cinnabar could be recov- 
ered from the collected discharge. 
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Much of the viscous portion of the discharge was evidently the 
liquid which was already in the tissue outside the blood vessels before 
the injection was begun. Upon inflating the vessels each artery and 
each venous trap created a certain pressure (its fractionate pressure) 
upon the extravascular liquid, and the sum total of these pressures 
forced the liquid to escape into the nasal passages. The watery por- 
tion of the discharge continued as long as the injection continued, 
although it decreased slightly in amount as cinnabar was packed more 
and more firmly in the arteries. This liquid was evidently some of 
the injected water which seeped first through the walls of some blood 
vessels (principally the very thin walls of the venous traps) into the 
surrounding tissue and then into the nasal passages. 


Upon injecting cinnabar in water under a constant high pressure 
into the arteries of other reindeer the viscous discharge occurred, but 
this diminished in amount without becoming watery until the injec- 
tion pressure was varied in a pulsatile manner. Evidently, therefore, 
the viscous portion was already outside the blood vessels and was 
merely forced into the nasal passages when the arteries and venous 
traps were inflated. In order to explain the viscosity of it, the needed 
assumption is that during the life of the animal, when pulsatile varia- 
tions were occurring in the intravascular blood pressure, some of the 
liquid of the blood seeped through the walls of some of the vessels 
and that especially the water of this filtrate was carried away by the 
air currents in the nasal passages. Only the more viscous part of the 
filtrate remained to be forced out of the tissue when the arteries and 
venous traps were strongly inflated after death. 


When the injection pressure remained high and constant, the 
viscous discharge was not followed by a watery one because the peri- 
vascular tissue was so severely compressed that it was itself highly 
impermeable and that this compressed tissue was applied snugly 
enough against the vascular walls to prevent the outflow of water 
through any small openings in these walls. Upon altering the injec- 
tion pressure in a rhythmical manner, the perivascular tissue and the 
walls of some of the blood vessels became alternately permeable and 
impermeable in a manner appropriate to urge water in a rhythmical 
manner into the nostrils. 


It is unnecessary to attempt to explain any part of the nasal 
discharge of a dead animal in terms of a vital activity of the secretory 
cells in the membrane because similar results were obtained by inject- 
ing the head of the reindeer fawn after this head had been frozen for 
about six weeks and was then kept at ordinary room temperature for 




















BLOOD VASCULAR NETW ORKS IN THE NOSE. 






ation is greater and that princ ipally 


as for figure 12 except that the magnif 





Same 





transmitted 








right nasal 


from the 


of the mucous lining 


transmitted light only 





The magnification is 


with 


graphed 


same as 


the 








930) PFO SWINDLE. 
twenty-eight hours. There was evidently no vital activity of the 
secretory cells in the fawn. 


A similar viscous discharge followed by a watery one should be 
expected to occur during the life of a reindeer if a considerable num- 
ber of the capillaries, a considerable number of the typical arteries 
or a considerable number of the arteriocapillary anastomoses in the 
nasal lining should become temporarily occluded by emboli or as a 
result of spastic contraction of these vessels. The discharge should 
follow the expansion of the vein-like arteries before as well as after 


death. 


Figs. 8, 9 and 10 were obtained from an adult reindeer which 
was killed after it was severely gored by a black fallow buck. Imme- 
diately after the head was removed, thirty cubic centimeters of a 4 
per cent solution of sodium citrate were injected into the blood vessels 
and then this liquid was permitted to escape from the cut arteries 
and veins of the neck. About thirty minutes later a 2 per cent solu- 
tion of hydrochloric acid was injected in a rhythmical manner for 
about fifteen minutes into the left common carotid artery while the 
veins and the other arteries of the neck were occluded with hemo- 
stats. Cinnabar in water was then injected into the left common 
carotid artery for the same time and in the same manner as it was 
injected into the same artery of the adult reindeer from which 
Figs. 5, 6 and 7 were obtained. 


Because of the loss of elasticity of the perivascular tissues (result- 
ing from the injection of the acid) and because of the increase in the 
lumina of the capillaries (due to rhythmically distending the capil- 
laries against the perivascular tissue while it was becoming inelastic), 
the cinnabar passed so readily through the capillaries that the venous 
traps became well distended with this substance (Figs. 8, 9 and 10). 
The cinnabar passed so readily into the veins that the vein-like 
arteries did not remain maximally distended after the injection 
ceased. Figs. 9 and 10 show some of the usual configurations of the 
deepest veins. The venous network is so dense that the relatively 
superficial vein-like arteries cannot be unmistakably identified by 
looking into the small spaces between the greatly inflated veins. The 
nasal discharge was essentially the same as that from the fawn and 
from the mother of the fawn. 


Figs. 11, 12 and 13 were obtained from the left side, and Fig. 14 
from the right side of the nasal septum of an adult Walaroo kanga- 
roo (Macropus robustus, Gould). The cause of death could not be 
determined. Before the blood had had time to coagulate in the 
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vessels the head was removed and some India ink, diluted with a 
small amount of sodium citrate, was injected in a rhythmical man- 
ner, but very mildly, into the left common carotid artery. The other 
arteries of the neck were closed, but the veins of the neck remained 
open. Red cinnabar in water was then injected in a rhythmical 
manner into the same carotid artery until all of the arteries, which 
could be seen by dilating the nostrils, were well filled and distended 
with the cinnibar. Fig. 11 shows the vein-like arteries clearly, but 
the typical arteries contained such a mixture of ink and cinnabar 
that they were brown and accordingly photographed as grays which 
are indistinguishable from some of the grays of the background. This 
photomicrograph was obtained by using reflected light and the 1R 
infra-red plate. 


In securing Fig. 12, first reflected and then transmitted light 
was used in order to emphasize some of the features of the vessels 
which contained India ink only or a mixture of India ink and red 
cinnabar. These features are emphasized still more in Fig. 13, which 
was obtained by using principally transmitted light. The capillary 
network is well injected almost everywhere. A comparison of the 
venous traps in Fig. 13 with those in Figs. 8, 9 and 10 shows that 
they are much simpler in the kangaroo than in the reindeer. The 
arterial meshwork in the kangaroo is much coarser and accordingly 
much simpler than that in the reindeer. | 


Fig. 14 was obtained from the left side of the nasal septum by 
using transmitted light only. In the absence of injected veins the 
typical arteries are unusually distinct in the photomicrograph. The 
vein-like arteries in this part of the lining are well filled with cinna- 
bar, but some of the typical arteries are so mildly injected that they 
are flat and angular at some places in the cleared and shrunken speci- 
men. The typical arteries probably never become flat in the living 
animal. 


I wish to express my appreciation and thanks to Dr. L. J. 
Deysach, who regularly confirmed the principal observations herein 
reported. I am indebted to Mr. L. C. Massopust for the photographic 
technic and for the illustrations. 

SUMMARY AND CONCLUSIONS. 

1. The arterial network in the mucous lining of a nasal passage 
of a postnatal mammal consists of two interconnected and intricately 
interlaced networks. One of these consists of numerous, thin-walled, 
very inflatable, vein-like arteries which do not give rise to arterio- 
capillary anastomoses. The other network consists of numerous slen- 
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der vessels which are more like typical arteries of the same size else- 
where in the body. The typical arteries give rise to numerous arterio- 
capillary anastomoses. Some of the connections between the two net- 
works resemble true arteriovenous anastomoses (AVAs), and were 
accordingly called pseudo-arteriovenous anastomoses (PAVAs). 
AVAs could not be found in the erectile tissue of the nose. The 
arterial networks are much simpler in the kangaroo than in the rein- 


deer. 


2. The network of veins is extremely complex in the reindeer 
but relatively simple in the kangaroo. Numerous veins in both ani- 
mals are very greatly and irregularly dilated. 


3. Upon inflating the vein-like arteries with a liquid, these 
arteries compress veins that pass underneath and above them so that 
a considerable amount of liquid is trapped in the irregularly dilated 
veins in the spaces between the vein-like arteries. These veins were 
called venous traps for blood, water, cinnabar, India ink or any other 
substance which might be used to inflate the vein-like arteries and 
incidentally the venous traps. 


4. Upon inflating the vein-like arteries and the venous traps to 
cause erection of the mucous lining, liquid which is already in the 
perivascular tissue is driven into the nasal passages as a viscous dis- 
charge. If the intravascular pressure is varied in a rhythmical manner 
the viscous discharge is followed by a watery one, as water is filtered 
through the walls of some blood vessels and then urged into the nasal 
passages. 


BIBLIOGRAPHY. 


1. Clark, Eliot R., and Clark, Eleanor Linton: Observations on Living Arterio- 
venous Anastomoses as Seen in Transparent Chambers Introduced Into the Rabbit’s 
Ear. Amer. Jour. Anat., Vol. 54, p. 229, 1934. 

2. Hoyer, H.: Uber unmittelbare Einmiindung kleinster Arterien in Gefassaste 


venosen Charakters. Arch. f. mikr. Anat., Bd. 13, S. 603, 1877. 

















XCVI. 


CANCER OF THE EPIGLOTTIS: TOTAL EXTIRPATION OF 
THE EPIGLOTTIS BY THE LARYNGOFISSURE 
ROUTE.* 


GABRIEL TUCKER, M. D., 
PHILADELPHIA. 


Cancer invading the epiglottis is ordinarily classified in the 
extrinsic group of laryngeal malignancies. Extrinsic malignancy as 
a rule gives rise to early metastasis and extension of the growth. 
In cancer of the epiglottis this holds true when the cancer invades 
the upper or lingual surface of the epiglottis. Cancer of the under 
surface of the epiglottis, however, may be slow growing and very 
slow to metastasize and in this regard it resembles more closely the 
intrinsic cancers probably due to the barrier afforded by the cartilage 
of the epiglottis. In cancer of the under surface of the epiglottis 
conservative surgical treatment may effect a cure although the lesion 
has existed for a considerable length of time. If the disease has not 
penetrated the cartilage and there is no evidence of metastasis, re- 
moval of the epiglottis should be sufficient to effect a cure. 


Methods of Removal of the Epiglottis——Three methods of treat- 
ing cancer of the epiglottis are in common use. 1. Removal of the 
epiglottis by thermocautery or snare through the mouth by means 
of suspension laryngoscopy. 2. Excision of the epiglottis by the 
transhyoid approach. 3. Excision of the epiglottis by the lateral 
pharyngotomy approach. When the growth extends downward in- 
volving the ventricular bands the procedure most commonly 
employed is total laryngectomy. 


A case presented itself in which the growth was limited to the 
under surface of the epiglottis at and below the point of attachment 
to the hyoid bone, rendering the case unsuitable for excision of the 
epiglottis through the mouth. After study of the case it seemed 
logical to approach the epiglottis by a laryngofissure incision. In this 
way the interior of the larynx could be carefully inspected in order 
to determine the exact limit of the extent of the growth downward 


*Presented before the annual meeting of the American Laryngological Associa- 


tion, Toronto, May 29, 1935. 
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Fig. 1. Microphotograph of tissue removed from the under surface of 


” 


the epiglottis by direct laryngoscopy, showing “carcinoma grade No. 1. 
(Dr. E. A. Case.) 
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and by incising the thyrohyoid membrane upward to the level of 
the hyoid bone adequate exposure of the base of the epiglottis could 
be obtained to allow total removal. Total extirpation of the epiglottis 
was therefore carried out by the laryngofissure route. 


REPORT OF A CASE. 


Case No. C.S.G. 180. Male, aged sixty-seven years, by occupatian, clerk. 
Had complained of local discomfort in his throat for the past year. This was 
accompanied by pain radiating to the left ear when he attempted to swallow. 
Never continuously hoarse. Family history was negative. Moderate user of 
tobacco, no alcohol. General examination was negative. Patient had an osteo- 
chondroma of the maxilla which, on consultation with Dr. George Coates, we were 
assured had no bearing on his laryngeal condition and was not a contraindication 
to the operation on the larynx. Mirror examination showed the under surface of 
the epiglottis presenting an ulcerating area extending from the midline toward the 
left fairly well down to the ventricular band on the left side. The surface was 
elevated and had the appearance of a cancerous infiltration. The lesion did not 
extend to the margin of the epiglottis and there was no involvement of the upper 
surface of the epiglottis. Careful examination of the neck showed no adenopathy. 
Direct laryngoscopy and biopsy confirmed the mirror findings and the tissue sub 
mitted to Dr. E. A. Case showed squamous cell carcinoma, Type No. 1. (Fig. 1.) 
The decision to treat the patient by removal of the epiglottis only was discussed 
with Dr. John L. Johnson, the referring physician, and the patient came in for 
operation. Lateral roentgen-ray examination of the neck demonstrated well the 
lesion on the under surface of the epiglottis. (Fig. 2.) 

Realizing that several difficulties might be encountered during and after the 
removal of the epiglottis we did a preliminary tracheotomy as the first stage. We 
hoped that preliminary tracheotomy would aid in the control of hemorrhage should 
it occur and also help to prevent aspiration of food into the tracheobronchial tree 
during the time that the patient was acquiring the proper compensatory protective 
mechanism after the removal of the epiglottis. 

Tracheotomy under local anesthesia was done December 31, 1932. The tube 
was placed low. A transverse incision was made just above the suprasternal notch, 
a small section of one tracheal ring was removed and a No. § tracheotomy tube was 


inserted. Ten days later the epiglottis was removed. 


Thyrotomy for Removal of the Epiglottis—Anesthetic, avertin 
70 mg. per rectum, novocain infiltration. Operation: Midline ver- 
tical incision from the hyoid bone to a point just above the tracheoto- 
my fistula. The front of the larynx was exposed from the cricoid 
cartilage to the thyroid notch. Cricothyroid membrane was incised 
vertically, thyroid cartilage divided with a turbinotome. The wings 
of the thyroid cartilage were retracted and an excellent view of the 
interior of the larynx showed the lesion to be limited to the under 
surface of the epiglottis and to extend downward to a point about 
1 cm. above the ventricular band. The involvement was on the left 
half of the epiglottis on its under surface. In order to be well beyond 
the growth a subperichondrial resection of the inner surface of the 
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Fig. 2. Lateral roentgenogram of the neck showing location of the lesion 


on the under surface of the epiglottis. (Roentgenogram by Dr. Pancoast.) 


left wing of the thyroid for about 1 cm. from the left side of the 
thyroid notch was done. This excision included the anterior end of 
the left ventricular band. The same procedure was carried out on 
the right side. Hemorrhage was controlled without difficulty. The 
thyrohyoid membrane was divided sufficiently to allow exposure of 
the base of the epiglottis. The base of the epiglottis was grasped and 
pulled downward and the mucous membrane on the upper surface 
of the epiglottis was removed by subperichondrial dissection. This 
freed the epiglottis except at its attachments on either side. The 
incisions through the ventricular bands were extended upward; the 
tissues removed, including the aryepiglottic fold on either side, and 
the epiglottis was removed. (Fig. 3.) The bleeding points were easily 
grasped as a good exposure was obtained. Points were ligated with 
suture ligatures and the flap of mucous membrane which had pre- 
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Fig. 3. Photograph of the epiglottis after removal. The arrows indicate location 
of cancer on the left side of the under surface of the epiglottis. 


viously covered the upper surface of the epiglottis was pulled down- 
ward, covering the denuded area on the front of the hyoid bone 
where the base of the epiglottis had been previously attached. A 
small piece of cartilage was removed from the upper corner of the 
thyroid wings on either side, the external perichondrium being dis- 
sected off from the removed cartilage and left in position. This per- 
mitted the thyrohyoid membrane and the tissues on either side to 
be pulled together with a deep silkworm gut suture, which was car- 
ried around from the skin surface on one side, encircling the tissues 
where the base of the epiglottis had been attached and coming from 
within outward through the skin on the opposite side. This deep 
suture closed completely the opening remaining after the removal 
of the epiglottis. The laryngofissure wound was closed after the 


usual technic, using interrupted silkworm gut sutures. 


No difficulty was encountered in removing the epiglottis by 
this method. The excision was entirely above the level of the true 
cords, and mirror examination following the removal showed that 
the cords approximated perfectly and that their function had been 


disturbed very little. 


Postoperative Course—The convalescence was uneventful. A 
feeding tube was placed through the nasopharynx immediately fol- 
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lowing the operation and all fluids were given by tube. The only 
difficulty encountered was after the fifth day when we attempted 
to remove the feeding tube. The patient complained of great difh- 
culty and choking when he attempted to swallow, although there 
was very little food passed beyond the level of the cords. He grad- 
ually overcame this difficulty, however, and at the end of the seventh 
day the feeding tube was removed. The patient left the hospital at 
the end of two weeks, the tracheotomy tube having been removed 
and the difficulty in swallowing having been practically overcome. 


I have had frequent reports on the progress of this patient, but 
have not had the opportunity of seeing him. In January last, at the 
meeting of the Section of the Triological in Portland, Maine, Dr. 
Louis H. Clerf very kindly saw him for me and reports that there 
is no evidence of recurrence and that his general condition is excel- 
lent. The report six months later, now three and a half years follow- 
ing the removal of the epiglottis, from Dr. John L. Johnson, the 
laryngologist who originally referred him, states that his larynx is 


in excellent condition. 
COMMENT. 


1. A case of cancer of the under surface of the epiglottis is 
presented in which total extirpation of the epiglottis was done by 
the laryngofissure route was reported as cured three and a half years 
following the removal of the epiglottis. The larynx functions nor- 
mally, including a normal voice. 


2. Attention is called to a type of cancer of the epiglottis that 
is slow growing and late in extension beyond the epiglottis. A meth- 
od of conservative surgical treatment is suggested by total extirpation 
of the epiglottis by the laryngofissure route. 

326 S. 19TH St. 
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ANATOMIC ANOMALIES OF IMPORTANCE TO THE 
OTOLARYNGOLOGIST.* 


Oscar V. Batson, M. D., 
PHILADELPHIA. 


The subject of anomalies is always intriguing. Perhaps it is 
their seeming mysterious character that appeals. We have the feeling 
that here is something beyond our power of comprehension. An 
anomaly should, however, challenge us to interpret the structure 
which has been defined as “contrary to rule.” I have always been 
impressed with the extremely normal appearance of anomalous struc- 
tures as they lie in the body. The whole organism is adapted to them. 
It was this normal appearance, coupled with the small number of 
specimens available to him, that led Vesalius to describe as normal 


an anomalous ossicle in the foot, the os Vesalii. 


Since the otolaryngologist looks upon each skull in a collection 
as an unusual specimen, especially in reference to the paranasal 
sinuses, to even enumerate all of the observed anomalies of interest 
would be impossible. To narrow the field and to allow for a more 
detailed consideration, I have chosen to describe some of the vagaries 
of the arterial system that are found in the head and neck. These are 
of considerable practical importance. Some of these anomalies are 
due to abberations of development, and as such their presence may not 
be forecast. When encountered, however, it may be possible to 


interpret their presence. 


One of the most unusual of such anomalies is the doubling of 
the aorta. Such a case was described by Dr. Homer Blincoe et al. 
(1932). In this specimen, which I have had the opportunity to 
examine, the aorta splits to enclose the trachea and esophagus and re- 
combines posteriorly. The genesis of this condition, with a review of 
the older literature, will be reported by Dr. Blincoe. This is a very 
rare anomaly, but not unique. While it probably would not occlude 
the trachea and esophagus, it would give peculiar radiographic and 
endoscopic findings. 


*Paper read before the forty-first annual meeting of the American Laryngo- 


logical, Rhinological and Otological Society in Toronto, Ontario, on June 3, 1935. 
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There is an anomaly, however, due to peculiarities of transfor- 
mation of the aortic arches, which is of decided interest to the oto- 
laryngologist. It occasionally happens* that the right subclavian 
artery does not spring from the innominate artery, but comes from 
the descending part of the thoracic aorta. Under these circumstances, 
due to the disappearance of the proximal portion of the embryonic 
right aortic arch, the right recurrent laryngeal nerve is not displaced 
inferiorly by the right subclavian artery. It comes directly from the 
main stem of the vagus nerve and courses directly over to the larynx 
posterior to the superior thyroid vessels. Considering that the upper 
thyroid pole may not be handled with as great care as the tracheo- 
esophageal angle, it is obvious that this “recurrent” laryngeal nerve 
may be damaged in the thyroid operation. 


There are a number of other anomalies which, like the two 
major ones just noted, would fall under the head of irregularities of 
transformation of the embryologic vascular pattern. To be included 
here would be the origin of the external maxillary artery from the 
internal maxillary artery and its consequent relation to the parotid 
gland instead of its usual relation to the submaxillary gland. 


Mention should also be made of such balancing arrangements 
as are commonly seen. The transverse scapular and the transverse 
cervical arteries are of reciprocal size. This is true also of the anterior 
and posterior ethmoid arteries. When the surgeon finds a small an- 
terior ethmoid artery in the radical fronto-ethmoid sinus operation, 
he should expect this to be compensated by a large posterior ethmoid 


artery. 


There are a number of anomalies of the arterial system that have 
been described as anomalies of position, which upon more complete 
study may be shown to be fundamentally anomalies of size, i. e., 
length and diameter. One of the most interesting is to be found in 
the anomalous innominate artery. Dr. Chevalier Jackson (1934) has 
called attention to the relative safety for surgical approach to the 
trachea of a midline triangular area lying medial to the two sterno- 
cleido-mastoid muscles. So safe is this triangular area for tracheoto- 
my that Dr. Jackson has labeled it “‘safety.”” However, in the speci- 
men here described the innominate artery appears in the neck on the 


*The frequency of occurrence of this condition depends upon the racial back- 
ground of the material examined. Adachi (1928) has furnished some tabulations 
on this point. In an English series it was seen five times in 500 cases. Adachi 
saw but one case in 516 cadavera (Japanese) examined. In those American labora- 
tories reporting the findings in the negro, the incidence is much higher. At Penn- 


sylvania we see one or two a year. 
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Fig. 1. Innominate artery with its branches lying in front of the trachea 


in supersternal area. Adult, black, male. 


Fig. 2. Tortuous artery at the angle of the jaw in cadaver with extensive 
dilation and tortuosity of all vessels. Adult, black, male. 

Fig. 3. Diagram of principal vessels of head and neck displaced by 
arteriosclerosis and hypertension. The arrow indicates that portion of the 


artery causing erosion of the carotid canal. 


left side of the trachea, crosses the trachea in the triangle of safety 
to divide near the right border of the trachea into the left subclavian 
artery and the left common carotid artery (Fig. 1). This indeed 
would seem to be an anomaly of position and, of course, it is. How- 
ever, an examination of the other large vessels shows, first of all, 
that the first part of the aorta is markedly dilated and lengthened. 
It presents the typical picture of the aorta dilated by hypertension 
and arteriosclerosis. This lengthening of the first part of the aorta 
caused some torsion of the heart and at the same time pushed the 
point of origin of all the vessels to a greater distance from the heart. 
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Here then we have an apparent anomaly—it has been described as 
such*—which, on analysis, is seen to be due to a pathologic change 
in the vessel. The anomaly of position is coincidental or a result of 
the pathologic change. The importance of this vessel to the operation 
of tracheotomy is at once apparent. Palpation of the triangle of safety 
would prevent surprise. This condition is seen at least once every 
other year at the laboratory of the Graduate School of Medicine. 
This means that it occurs about once in 200 cases in our material. It 
seems to be more common in the negro. 


Another vessel, sometimes seen apparently out of its normal 
course and which obstructs a surgical approach, is the inferior thy- 
roid artery. The retropharyngeal space and posterior mediastinum 
may be approached low in the neck. This site has been used for 
operation on cervical esophagus. Normally an incision through the 
skin and superficial fascia allows an approach to the area. The great 
neck vessels are retracted forward. In two or three out of each 100 
of our specimens, the inferior thyroid bends cranialward as an invert- 
ed ‘“U” (Fig. 4). When seen through the operative field, the vessel 
at first causes confusion. It is so large and so far from the usual 
course of a vessel. Complete dissection, as is possible in an anatomic 
laboratory, shows this to be a dilated, elongated, inferior thyroid 
artery bending upward and into the areolar tissue of the retropharyn- 
geal space. It springs, by way of a rather tortuous thyroid axis, from 
a twisted and dilated subclavian artery showing the character of 
hypertensive arteriosclerotic vascular disease. This vessel seems to be 
more commonly displaced on the right side of the body. 


The common carotid arteries and their branches also show anom- 
alies due to increase in diameter and length. This may vary from a 
slight sinuosity to the formation of a complete loop. The complete 
loop, when present, is seen in the course of the internal carotid artery. 
The feature of interest to the otolaryngologist is the appearance of 
these vessels when exposed by the oral approach. This elongation of 
the arterial tree no doubt explains many, if not most, of the ““anoma- 

*Symington (1887) described this condition as normal for the child. His 
report seems to be the fundamental basis for the acceptance of this relation as nor- 
mal by Merkel (1899) and others. Personally I have never found the innominate 
artery about the sternum in the newborn. I have not had the material available 
to investigate this point in children. In the adult specimens that I have seen, this 
condition is always associated with gross pathologic changes in the arteries. The 
case illustrated by Adachi (1928, p. 27) appears to fall into this class of patho- 
logic vessels. The figure of the case reported by Jaensch (1922) undoubtedly 
represents a case of arteriosclerosis. This is also the opinion of Adachi (1928, 


p. 43) concerning the case of Jaensch. 
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Fig. 5. Carotid canals converted into carotid grooves by enlargement 


of the internal carotid artery. This view indicates the relation in the mento- 


vertical roentgenogram. 
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lous” vessels seen in adults during tonsillectomy. Occasionally such 
vessels are seen in children and they may be due to a genuine con- 
genital anomaly. I am inclined to feel that most of the adult cases 
are due to vascular disease. The purported tortuous carotid artery 
of the seal has been mentioned to provide phylogenetic reference for 
this condition. Carmel (1928) has shown that this observation of 
Chauveau has not been confirmed by other authors,* and he himself 
could not confirm it on twelve dissections of the seal. In man the 
artery need not make a complete loop to obtrude into the retroton- 
sillar area (Fig. 2). 


The next vascular peculiarity to be examined is the carotid 
artery in its course through the bony carotid canal. Here a dilation 
with some increase in length causes an erosion of the carotid canal. 
This is significant because of a possible pitfall in diagnosis. With the 
recent interest in erosion of the apex of the petrous portion of the 
temporal bone through infection, many x-ray examinations are 
being made of this area. In the vertico-occipital view of this region, 
the erosion caused by the dilating carotid may be so closely related 
as to confuse the uninitiated. The mentovertical view differentiates 
the two areas clearly and should be more useful here (Fig. 5). Should 
there be, in addition to an eroded carotid canal, a petrous apex infec- 
tion, it should be remembered that this enlarged artery makes smaller 
an already tiny operative field. 


Unfortunately the many turns of the internal carotid artery 
have not been named. This makes the description of abnormal turns 
difficult. The normal carotid does not lie above the floor of the sella 
turcica when the skull is viewed in roentgenograms, or in the ana- 
tomic specimen. Under the condition of increase in length under 
discussion, this is not true. These extensions toward the vertex, when 
partially calcified, are seen by the roentgenologist. The otolaryngolo- 
gist finds interest in the specimens in which the bend in the internal 
carotid artery, between the foramen lacerum and the side of the 


*The first French edition of Chauveau (1857) and the second edition of 
Chauveau and Arlong (1873) were not available to Doctor Carmel. I have exam- 
ined these and find no reference to the miraculous artery of the seal. Fleming 
(1871) introduced this statement into the first English edition of Chauveau and 
it has appeared in subsequent editions. 

Smith (1902) in reporting his human case refers to the tortuosity of all the 
vessels. Fisher (1915) and Schaeffer (1921) inclined to the phylogenetic explana- 
tion. The more complete the exposure of all of the great vessels at one time, the 
more obvious the generalized nature of the condition became. Adachi (1928, p. 
98) notes: “Da die Tortuosity mir von keiner morphologischen Bedeutung, sondern 


eine Alterserscheinung zu sein scheint, habe ich sie nicht statistisch untersucht.” 
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6. Probe passing through dehiscence (posterior) in enlarged carotid 


impression. Seen from cranial cavity. 


Fig. 7. Probe passing through dehiscence (anterior) in enlarged 


carotid impression, 
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sella, has so enlarged medially that the bony wall of the sphenoid 
sinus has been eroded (Fig. 6). This erosion is in direct line from 
the pyriform orifice through the sphenoid ostium. Anteriorly the 
same dehiscence may occur (Fig. 7). Here the loop of the artery, 
as it bends forward and upward from the sella, has exposed the 
sinus. The clinical significance of these exposed vessels is obvious. 
The difficulty of making the differential diagnosis between tumor and 
enlarged carotid artery will not be discussed. 


The sphenoid sinus is crossed anteriorly by the sphenopalatine 
artery. I am aware that Canuyt and Terracol (1925) * minimize this 
vessel as a source of severe hemorrhage. However, I have frequently 
seen what appears to be an abnormal, large, displaced vessel. This, 
when examined in the light of our discussion, is seen to be a patho- 
logic condition involving many vessels rather than an anatomic 
anomaly. The large vessel sometimes encountered on the floor of the 
nose may fall into the same category. 


SUMMARY. 


1. There are many anomalies of the vascular system of interest 
to the otolaryngologist; some of them, the true anomalies, are not 
readily forecast. 


2. A large group, which we might call pseudo-anomalies, are 
here shown to be due to pathologic changes in the vascular system, 
and their presence may be suspected in cases of peripheral arterio- 
sclerosis, especially when associated with hypertension. 


3. A diagram of these pseudo-anomalous vessels here discussed 
is presented as if found in one individual (Fig. 3). 
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XCVIII. 


THE ASSOCIATION OF FILTRABLE VIRUS AND BACTERIA 
IN THE PRODUCTION OF EXPERIMENTAL 
SINUSITIS.* 


C. S. Linton, M. D., 
Str. Loults. 


There is no general agreement on the mechanism of the process 
resulting in purulent sinusitis in man. However, the trend of recent 
investigative work suggests that the tissues are prepared by a filtrable 
virus, which is then followed by bacterial invasion. A great majority 
of cases are sequele to the common cold or influenza. The uncom- 
plicated common cold or influenza are mild diseases, but when accom- 
panied by bacterial invasion the results may .be serious. Dochez, 
Shibley and Mills' have demonstrated the presence of a filtrable virus 
in the common cold which is capable of producing symptoms of the 
disease in apes. A similar but somewhat different virus was found in 
cases of influenza by Smith, Wilson, Andrews and Laidlaw.” Shope’ 
had previously discovered a filtrable virus in swine influenza and 
Dunkin and Laidlaw’ in dog distemper, diseases which resemble hu- 
man influenza in many respects. Snuffles in rabbits is a spontaneous 
infection of the sinuses and upper respiratory mucosa which fre- 
quently results in complications and death. Pneumococci, strepto- 
cocci, staphylococci, influenza bacilli and other bacteria associated 
with sinusitis in the human are frequently present in the apparently 
normal nose and throat, and their virulence might be activated by a 
virus infection. 


A study of the various methods of treating purulent sinusitis 
by nonoperative procedures has been retarded by the lack of a suita- 
ble experimental animal. The rabbit suffers from spontaneous sinu- 
sitis in which Pastuerella lepisepticum is found in large numbers. 
These organisms may be found in normal rabbit sinuses in a high 
percentage of cases. 


Diseases of the respiratory tract, of virus or probable virus etiolo- 
gy, show a recognized predisposition to bacterial invasion. McCor- 
*From Oscar Johnson Institute, Dept. of Otolaryngology, Washington Uni- 


versity School of Medicine. (This work was made possible by the Ball grant.) 
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dock and Muckenfuss’ produced in rabbits a typical picture of inter- 
stitial bronchopneumonia, a disease which is found associated with 
influenza, measles and whooping cough in man. They used dilute 
vaccine virus which was followed by injection of bacteria. The 
virus alone did not produce the typical picture. They were able, by 
using larger quantities of virus and bacteria, to simulate the hemor- 
rhagic bronchopneumonia found in epidemic influenza. The pneu- 
monias associated with dog distemper and swine influenza show simi- 


lar pathologic pictures. 


Various methods of producing sinus infections in animals have 
been used but none of them gives an infection which can be consid- 
ered as analogous to the process taking place in a normally infected 
sinus. Preliminary traumatism of various kinds has been the usual 
mode of procedure. The amount of work of this kind is surprisingly 
small. Fenton," 1931, injected bacteria alone, bacteria following dull 
curettage, and bacteria following heat, into the frontal sinuses of 
cats in a study of the “reticulo-endothelial” components of the sinus 
mucosa. Warm paraffin was used as a source of heat to plug the naso- 
frontal duct. The cellular changes with the various procedures are 
described. He reports that “bacterial inoculation after traumatism 
prodvced only an intensification of symptoms over bacteria alone.” 
Fenton,’ 1934, also reports producing unilateral frontal sinusitis in 
cats, using hemolytic streptococci. The exact technic is not given in 
this paper, but the infection apparently became chronic in at least 
some of the animals. Wenner and Nemours* produced an accumula- 
tion of eosinophilic cells, and in addition chronic infection in some 
cases, by repeated injection of sodium alizarin sulphonate solution 
into the maxillary sinuses of rabbits. 


The attempt to produce sinusitis in animals by the injection of 
bacteria alone has resulted, in the hands of most workers, in the 
production of an uncontrolled fatal infection, only a temporary tran- 
sitory effect, or, more commonly, no infection at all. Linton,” using 
an extremely virulent strain of hemolytic streptococcus, was able to 
produce rapidly fatal infection in guinea pigs and rabbits by simply 
dropping some broth culture into the nose. The production in 
animals of sinus infections, suitable for experimental studies, has, 
in most instances, therefore, been quite unsatisfactory. When it was 
desired to take up a problem requiring an established purulent sinu- 
sitis a satisfactory condition was found difficult to secure. The rabbit 
was selected because of the ease with which the maxillary sinuses 
may be reached. It has the disadvantage of being subject to spon- 
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tanecus nasal and sinus infections. This factor may be largely elimi- 
nated by proper methods and controls. 
METHODS. 

The requirements of a satisfactory sinusitis in rabbits for experi- 
mental purposes are that: (1) it should be produced with a fair de- 
gree of regularity; (2) it should be sufficiently chronic to allow 
passing of judgment on the results of treatment methods, and, (3) 
it should resemble as much as possible a natural sinus infection. These 
requirements have to a great extent been fulfilled. 


Since a virus seems to be involved in the beginning of a high 
percentage of human sinus infections, the use of a virus in the pro- 
duction of the experimental disease naturally suggests itself. Vaccine 
virus was selected of a type used in vaccinating for smallpox. The 
rabbit is susceptible to this virus, and the quantity used was one to 
two times the amount used for vaccination. The bacteriuin used 
most extensively was a hemolytic staphylococcus aureus isolated from 
an infected tonsil. Other bacteria used were a mixture of strains of 
Streptococcus hemolyticus, H. influenza, Bacterium lepisepticum, and 
in one case each, Ps. pyocyaneus, Str. viridans and the colon bacillus. 
The rabbits were healthy adult animals and usually white, because 
nasal discharge is easily detected with this color. 


A preliminary experiment indicated that there was no advantage 
in making the virus injection twenty-four hours or more before 
injection of the bacteria. The usual procedure, therefore, was to 
draw the virus through a small needle into the syringe and then draw 
the bacterial suspension into the same syringe, thus mixing thor- 
oughly the virus with the bacteria. The mixture was then injected 
through the lateral wall of the nose into the right maxillary sinus of 
the rabbit. The left sinus was injected with a similar amount of 
physiologic saline as a control. The bacterial suspension was made 
up in most instances by washing the growth from a twenty-four hour 
blood agar plate into five cc. of saline. One and four day whole 
broth cultures, and one and four day supernatent fluids from broth 
cultures were tried. 

The virus was usually injected only once, but bacterial suspen- 
sions were injected one to four times, usually three times, at varying 
intervals. The best method was to inject the virus-bacteria mixture 
on the first day and the bacteria alone on the two following days. 
The hair was clipped closely over the regions through which the in- 
jections were made. The animals were observed daily until autopsied, 
for nasal discharge or other signs of illness. 

















EXPERIMENTAL SINUSITIS. 951 


Duran-Reynolds,'” 1929, described the enhancing effect of tes- 
ticular extract on vaccine virus injected into the skin of rabbits. He 
prepared his own testicular virus and injected normal testicular ex- 
tract along with it. Rabbits with enhanced lesions showed general 
symptoms and 25 per cent died of vaccinia. The virus could be 
inactivated by immune testicular tissue. The same author,'' 1933, 
found that invasive strains of staphylococci and streptococci contain 
a soluble factor greatly increasing tissue permeability and enhancing 
infections. Noninvasive strains did not contain this factor. 


Hoffman,'* 1931, observed that testicular extract enhances the 
virulence of the viruses of herpes, vesicular stomatitis, vaccinia and 
Borna’s disease. Pijoan,'’ 1931, found that it promotes the patho- 
genic action of twenty kinds of ordinary bacteria. Hanger,"' 1931, 
showed a similar phenomenon, using nasal secretions from normal per- 
sons and persons with common colds, secured by irrigating the pas- 
sages with plain broth. Two-tenths cc. of washings was mixed with 
0.1 cc. of bacterial suspension and injected into the flanks of a rabbit. 
The washings from cases of common cold usually accelerated the 
reaction to the bacteria more than the washings taken during a nor- 
mal period. These observations suggested the possibility of a method 
of increasing the infectiousness of the bacteria in the production of 
sinusitis. A testicular extract was prepared after the method of 
Duran-Reynolds from fresh rabbit testicles. The membranes were 
removed and the testicle ground in sterile Ringer’s solution. The 
supernatent fluid secured after centrifuging at low speed for fifteen 
minutes was used for injecting. The right sinus of each rabbit was 
injected with 1 cc. of testicular extract, and followed in a few min- 
utes with ‘vaccine virus plus bacteria. The animals were observed as 
before. Since only a small quantity of extract was procurable from 
rabbit testicles, fresh beef testicles were substituted later. The left 
sinus in each case was injected with saline and used as a control. 
The rabbits were autopsied, usually after two to four weeks, and the 
mucous membrane from each maxillary sinus carefully removed and 
placed in formalin for sectioning. The gross condition of the sinus 
and membrane was noted. Some were opened and cultured asepti- 
cally. A few animals died early and a few were permitted to recover. 

DISCUSSION. 

A glance at the table will show the greater effectiveness of the 

testicular extract-virus-bacteria combination over the virus-bacteria 


mixture in producing sinus infections. All of the eleven animals 
inoculated in this manner showed definite clinical evidence of sinusitis 
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TABLE OF RESULTS. 


Testicular Extract 


Virus and plus Virus 
Bacteria plus Bacteria Bacteria only Virus only 
No. Ge No. G No. q No. % 
Number of cases 34 56.6 11 18.3 11 18.3 4 6.6 
Microscopic sections 
sinus* 25 re le 8 Last 8 5 8 Z 50.0 
Purulent nasal 
discharge 20 58.8 11 100.0 4 34.6 0 0 
Empyema 13 38.2 8 FO. 2 18.2 0 0 
Infiltration sinus 
membrane 16 64.0 8 100.0 2 25.0 2— 
Uninoculated 
membrane normal 23 92.2 8 100.0 8 100 2 100.0 
Bacteria USED: 
Staph. aureus 
hemolyticus 25 73.5 1] 100.0 5 45.4 
Staph. aureus 5 14.7 
plus Bact. 
lepisepticum 3 272 
Strep. hemolyticus 2 5.9 3 27 2 
H. influenza 2 5.9 


*Some cases were not autopsied. 


as indicated by the presence of nasal discharge and microscopic evi- 
dence of infection was found in all from which the sinuses were 
examined. There was gross pus in the sinus of every case autopsied, 
and in all but two the sinus was filled with pus. The left sinus mem- 
brane, used as a control, appeared normal in every instance. The reg- 
ularity of production of infection in this group of animals was quite 
satisfactory. Chronicity, however, is something which is more dif- 
ficult to secure, and a certain number of animals will undoubtedly 
have to be sacrificed to accomplish this end. An occasional one will 
die of a rapidly fatal infection and others will tend to heal spon- 
taneously. The proper degree of chronicity must be brought about 
by repeated injections at proper intervals as indicated by the nasal 
symptoms in each case. Any problem based on the assumption of 
chronicity must, of course, be thoroughly controlled. All eleven of 
these animals were injected with a strain of hemolytic staphylococcus 
aureus, together with testicular extract and vaccine virus, on three 
successive days. A one day broth culture was used in two cases in 
place of the usual washings from a blood agar plate without notice- 
able difference in effect. Two animals were injected with the testicu- 
lar-extract-virus combination plus supernatent fluid from one day 
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broth cultures of staphylococcus aureus. There was no evidence of 
sinus infection, so these animals were not included in the above table. 
Two other animals used in these experiments were excluded from the 
table. One died too soon to permit passing judgment as to results and 
the other developed what appeared to be a spontaneous sinusitis 
localizing in the noninfected sinus, while the injected side remained 
free of infection. 


The virus-bacteria mixture alone produced gross evidence of 
sinus infection, as indicated by a dirty nose in 59 per cent of the 
cases, but only 41.2 per cent of those autopsied showed an empyema 
of the sinus. A few more, 47 per cent, showed infiltration of the 
sinus membrane. Some beautiful empyemas were secured by this 
method, the entire sinus being filled with thick pus, but the results 
were not as constant or satisfactory as when combined with the 
testicular extract. There was some evidence of infection in the 
control sinus in two of these twenty-five cases autopsied. This may 
be due to crossed infection or spontaneous infection. 


The injection of bacteria alone produced some evidence of 
infection in four out of eleven cases and definite empyema of the 
sinus in two. It should be pointed out, however, that three of these 
four cases had a virulent bacterium lepisepticum included in the 
inoculum. Both cases of empyema were inoculated with this organ- 
ism. Nasal discharge is the only evidence of infection in the fourth 
case. The results from injecting alone the same strains of staphylo- 
coccus aureus and streptococcus hemolyticus as used in other cases 
were entirely negative. Bacterium lepisepticum was used in some 
virus-bacteria mixtures also with evidence of sinus infection in each 
case. It would appear, therefore, that this organism is particularly 
virulent for the rabbit. 


All animals receiving vaccine virus alone showed only transitory 
increased moisture about the nose with recovery. There was no 
sticky, purulent discharge as observed in cases of sinusitis. Symptoms 
similar to this were observed in some of the animals injected with 
virus-bacteria mixtures and were classed as noninfected unless there 
was microscopic or gross evidence of purulent infection. 


The question arises as to the nature of the infection induced in 
these animals. The sinuses of seven rabbits which had been inoculated 
with hemolytic staphylococcus aureus were opened aseptically and 
cultured on blood agar. Three of them showed pure cultures of 
hemolytic staphylococcus aureus from the injected sinus, two a mix- 
ture of staphylococcus aureus and bacterium lepisepticum, and two 
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pure cultures of bacterium lepisepticum. The left, or uninoculated 
sinus, showed pure cultures of bacterium lepisepticum in two and 
no growth in the others. The important réle played by bacterium 
lepisepticum in all cases of induced sinus infections in rabbits is sug- 
gested by these results. 

It should be pointed out that the quantity of vaccine virus used 
in all these cases was quite small. Increasing the quantity to an opti- 
mum may give more consistent or more desirable results for experi- 
mental purposes. 


SUMMARY. 


1. The use of the rabbit as an experimental animal in the study 
of sinusitis has been investigated. 

2. Purulent sinusitis could be produced with considerable regu- 
larity by the injection of a vaccine virus-bacteria-testicular extract 
combination into the maxillary sinus of the rabbit. 

3. Results were secured principally by the use of strains of hemo- 
lytic staphylococcus aureus or staphylococcus aureus plus bacterium 
lepisepticum. 

4. This method of procedure simulates the natural mode of 
infection which frequently results in sinusitis in the human. 
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XCIX. 


ACUTE SUPPURATIVE OTITIS MEDIA IN MEASLES: A 
REPORT OF 427 PATIENTS. 


Horace J. Witiiams, M. D., 


PHILADELPHIA. 


The statement will be accepted without challenge, it is believed, 
that among the specific infectious diseases scarlet fever and measles 
stand out far above all the others in importance in the production of 
acute suppurative otitis media, and that of these two diseases the rela- 
tive importance, both as to frequency and severity, is scarlet fever 
first and measles second. 


Scarlet fever is considered a major contagion and measles a minor 
one, and from the standpoint of public health problems the method 
of handling scarlet fever differs from that of managing measles. An 
attempt is made to hospitalize practically all patients with scarlet 
fever, and the quarantine period usually is a minimum of thirty days. 
On the other hand, regarding patients with measles, no attempt is 
made to hospitalize other than selected patients. These latter fall 
chiefly into the following groups: 


(a) Patients who are inmates of a hospital when they develop 
the disease. 


(b) Patients who are charges of various kinds of homes and 
nurseries. 


(c) Patients who are members of various kinds of boarding 
schools. 


(d) Patients who develop some complication, such as menin- 
gitis, encephalitis, bronchopneumonia, mastoiditis or appendicitis, 
requiring hospital facilities. 


(e) Patients who are toc poor to afford a private physician; 
and a few patients who for some reason not above mentioned, desire 
and secure hospital treatment. 


The quarantine period for measles is usually a minimum of 
about two weeks. 
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During the decade of 1922-1931, inclusive, there were 37,873 
cases of scarlet fever and 92,745 cases of measles reported in Philadel- 
phia. During the same period of time there were treated at the Phila- 
delphia Hospital for Contagious Diseases, the city’s only hospital for 
the care of the so-called contagious diseases, 23,804 patients with 
scarlet fever and 1,954 patients with measles. Therefore, 62.6 per 
cent of the city’s scarlet fever patients and 2.1 per cent of its measles 
patients were hospitalized. 


During the aforementioned decade (1922-1931) there were 
2,168 scarlet fever patients in the Philadelphia Hospital for Con- 
tagious Diseases who suffered from acute suppurative otitis media, 
while during the same period there were only 427 measles patients 
who had this affection. 


These data are set forth here in the beginning so that one may 
determine to what degree hospital statistics are representative of 
measles statistics in general, and to enable one properly to study the 
following figures, especially those that refer to the Philadelphia Hos- 
pital for Contagious Diseases. It seems probable that these figures 
are not representative of measles as found in general practice, and 
that they will have to be considered for just what they are, namely, 
hospital statistics. 


The incidence of acute suppurative otitis media in hospitalized 
measles patients varies widely. (See Table I.) Among the aforemen- 
tioned 1,954 measles patients there were 427 (22 per cent) who suf- 
fered from acute suppurative otitis media while in the hospital. 


Reported in Table I are comparative figures from Cody,” 
Dixon,” and Gardiner. ' 


TaBLe I. 
Number of Number of Per cent. Otitis 
Author Measles patients Ac. Sup. Otitis Media Media in Measles 
Cody 1769 321 18.2 
Dixon 220 103 47.0 
Gardiner 1331 181 13.5 


These 427 patients with acute suppurative otitis media at the 
Philadelphia Hospital had 651 affected ears. Practically half of them, 
therefore, had both ears involved. In 321 of the ears the tympanic 
membrane was incised before it ruptured, 36 after it had ruptured 
spontaneously; and in 294 the tympanic membrane ruptured spon- 
taneously and was not incised. Among those in which the tympanic 
membrane was incised before it ruptured there were 13 (4.4 per 
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cent) mastoidectomies; among those in which the drum ruptured 
and was not incised there were 33 (11.3 per cent) mastoidectomies; 
and among the small group of 36 ears in which the tympanic mem- 
brane was incised after it had ruptured there was one mastoidectomy. 


(See Table II.) 


TaBce II. 
Patients receiving mastoidectomy 
Ears Unilateral Bilateral 
Incised 321 12 l 
Ruptured and Incised 36 1 0 
Ruptured 294 21 6 
Total number of ears 651 
Number of patients receiving mastoidectomy 41 
Number mastoidectomies performed 48 


If one be permitted to draw conclusions from such figures 
as, let us say, the two larger groups, he would have to declare that 
early incision of the tympanic membrane in acute suppurative otitis 
media in measles has a distinct tendency to prevent the development 
of surgical mastoiditis. 


The number of patients undergoing mastoidectomy was 41, or 
9.6 per cent of the 427, with acute suppurative otitis media. 


Table III gives the comparative figures of Cody,” Dixon,’ and 
Gardiner. ' 

Because measles patients are quarantined only about two weeks 
and because those patients who have been operated on for mas- 
toiditis are discharged before the wound has healed, the hospital 
records do not contain data on the length of time required for heal- 
ing. 

TaBLe III. 


Number measles patients Number with Percentage develop- 
Author with Ac. Sup. Otitis Media Mastoiditis ing mastoiditis 
Cody 321 29 9 
Dixon 103 34 33 
Gardiner 181 7 4 


The organisms most frequently isolated from mastoiditis com- 
plicating measles are streptococcus' (hemolyticus and pyogens) and 
staphylococcus.” Pneumococcus more rarely is found.* These organ- 
isms are usually found in pure culture. 

The incidence of otitis in measles according to age is highest in 
the young. Of the 427 patients here considered 332 (77.7 per cent) 
were under 6 years of age; 64 (15 per cent) were between the ages 
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of 6 to 10; 9 (2.1 per cent) were between the ages of 11 and 15; 
6 (1.4 per cent) were between the ages of 16 and 20; and 16 (3.7 
per cent) were more than 20 years. (See Table IV.) 


Of Gardiner’s 181 patients with otitis 96 were under two years 
of age. The mean age of Cody’s 1,769 measles patients was 4.81 years. 
Dixon’s series of 220 measles patients is unusual. It was composed of 
young male adults averaging 19 years of age. One hundred and three 
(47 per cent) of them developed otitis media, and 34 (15 per cent) 
developed mastoiditis. The incidence of this complication in the 103 
patients with otitis media was 33 per cent. (See Table III.) This 
incidence as regards both otitis media and mastoiditis is the highest 


of any series encountered. 


TABLE IV. 


Age Number of Patients Percentage 
0-5 552 FE 
6—10 64 15.0 

11-15 9 2.) 

16—20 6 1.4 

24 16 5 


Nearly all of the patients in this series had tonsils and adenoids 
intact. When one considers the age incidence of the group the prob- 
able reason is apparent: 77.7 per cent of them were under six years 
of age. Among the 427 patients tonsils and adenoids were present 
in 418 and absent in nine. Of those who developed mastoiditis forty 


had tonsils and adenoids and one had none. (See Table V.) 
TABLE V. 


Patients with tonsils and adenoids Patients who developed mastoiditis 
Present 418 40 
Absent 9 l 


CONCLUSIONS. 

If one be permitted to draw conclusions from this material, it 
may be said that: 

1. The incidence of acute suppurative otitis media in hospital- 
ized measles patients is approximately 22 per cent. 

2. Approximately half of the number of patients affected with 
otitis in measles have a bilateral affection. 

3. Early myringotomy in acute suppurative otitis media in 
measles has a distinct tendency to prevent the development of surgi- 


cal mastoiditis. 
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4. Approximately 10 per cent of the patients who suffer from 
acute suppurative otitis media in measles develop surgical mastoiditis. 


§. Seventy-seven and seven-tenths per cent of the patients with 
otitis in measles are under six years of age. 
5908 GREENE ST. 
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C. 


STREPTOCOCCUS HEMOLYTICUS BACTEREMIA WITH 
SPECIAL REFERENCE TO OTOLARYNGOLOGIC 
CONDITIONS.* 


JoserH L. Go_pMan, M. D., 
AND 


GREGORY SHWARTZMAN, M. D., 
New York. 


In the five and one-half years with which this study is concerned 
there have been 168 cases of streptococcus hemolyticus bacteremia 
observed in the various medical and surgical departments of the 
Mount Sinai Hospital. This constitutes about one-fifth of all proved 
bacteremias during the stated period. Of these cases, 70, or 42 per 
cent of the total number, were of either otitic or pharyngeal origin. 


Because of the comparatively high incidence of streptococcus 
hemolyticus bacteremias and the clinical importance of such blood 
stream infections, we felt that a comprehensive study of these cases 
would be both interesting and valuable. In this study we tried to 
classify the various conditions in which streptococcus hemolyticus 
bacteremia occurred and to determine the significance of the bac- 
teriologic findings in each group of cases. The route of invasion into 
the blood stream was used for the grouping of the cases. Each group 
was further studied in relation to age, seasonal incidence, prognosis 
and the clinical picture observed. In analyzing the blood cultures 
we were especially interested in the diagnostic and prognostic sig- 
nificance of the number of organisms cultivated from the blood 
stream. 

METHODS. 


The bacteriologic findings in the cases which formed the basis 
of this report were studied in our laboratories by means of uniform 
and standard methods. The blood culture technic employed in these 


*From the Departments of Otology and Laryngology and Laboratories of the 
Mount Sinai Hospital, New York City. 

Read before the Section of Otolaryngology, New York Academy of Medicine, 
May 15, 1935. 
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cases, which has been described in complete detail elsewhere,’ was as 
follows: 

Twenty-one cubic centimeters of the patient’s blood were with- 
drawn from an anterior cubital vein and mixed with the media at 
the bedside. Fifteen cubic centimeters were divided equally among 
three 100 cc. Erlenmeyer flasks, the first containing veal infusion 
broth, pH 7.2; the second, 2 per cent glucose veal infusion broth, 
pH 7.2; and the third, 10 per cent tomato extract veal infusion 
broth, pH 7.2. The remaining 6 cc. of blood were equally divided 
to form three pour plates, 2 cc. being mixed with a tube of 12 cc. of 
liver hormone veal infusion agar, pH 7.2, 2 cc. with a tube of 12 cc. 
of 2 per cent glucose veal infusion agar, pH 7.0—7.4, and the same 
amount with a tube of 12 cc. of plain veal infusion agar, pH 7.2, 
respectively. 

TaBLeE I. 
BLOOD CULTURE DIVISION. 


21 cc. oF BLoop. 


15 cc. for Fluid Media 6 cc. for Solid Media 
) cc. 5:6C. OC. 2 CC; Zed: 2 CC. 
Veal 2% 10% Liver 2G Veal 
Infusion Glucose Tomato Hormone Glucose Infusion 
Broth Veal Extract Veal Veal Agar 
90 cc. Infusion Veal Infusion Infusion 12\ce. 
pH 7.2 Broth Infusion Agar Agar DEL 7.2 
90 cc. Broth 2. cc, L2ce; 
pH 7.2 90 cc. pH 7.4 pH 7.0-7.4 
pH 7.2 


Each of the 100 cc. Erlenmeyer flasks contained 90 cc. of fluid 
medium. In this manner a high degree of partial anaerobiosis was 
obtained as a result of the small surface exposed to oxygen as com- 
pared to the large volume of the medium. 


Daily transplants were made for three days from each of the 
flasks onto slants of ascitic glucose fluid agar and also into tubes con- 
taining glucose veal infusion broth. In addition, smears stained by 
the Gram method were examined daily from each flask containing 
fluid media. 


The streptococcus hemolyticus (streptococcus Beta-Brown) was 
identified by the appearance of the growth of transplants on solid 
media; by the hemolytic effect on the red blood cells on blood agar 
plates; by the retention of the Gram stain; and by the chain forma- 
tion of the cocci in fluid media. The criteria for identification sug- 
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gested by Brown were followed. In addition, all isolated gram _posi- 
tive cocci were differentiated from pneumococci by the test of bile 
solubility and serological methods. 


MATERIAL, 


In order to classify our material, the term portal of entry was 
used to indicate the actual site from which the streptococcus hemo- 
lyticus gained entry into the blood stream. This site need not coin- 
cide with the original focus of infection. Thus, an infection may 
spread by contiguity for a considerable distance from its original site 
and finally invade the blood stream via a “portal” somewhat removed 
from the primary infection. Distant foci developing during the 
course of the bacteremia were termed “secondary” or metastatic foci. 
These cases were grouped, whenever possible, according to the portal 
of entry. Thus, the following classification, arranged in order of 


mortality rates, was formulated: 
TABLE II. 


Group Cases Mortality 


I. Secondary Erysipelas 5 20% 





II. Upper Respiratory Infections 23 3407 
III. Peripheral Infections 22 366; 
IV. tateral Sinus Thrombosis 43 37¢ 
V. Primary Erysipelas 2 50% 
VI. Gynecological Infections 10 600 
VII. Osseous and Articular Infections 8 62% 
VIII. Associated Non-bacterial Diseases 23 740, 
IX. Surgical Postoperative Infections 20 850; 
X. Acute Otitis Media with Meningitis 4 1006; 
XI. Pulmonary Infections 8 100°; 
Total 168 i407 


We shall present in this paper the groups of otolaryngologic 
interest. 


UPPER RESPIRATORY INFECTIONS. 


By the term upper respiratory infections is meant infections of 
the sinuses, nasopharynx, pharynx or larynx. There were twenty- 
three patients in this group, of whom eight died and fifteen recovered. 
This low mortality of 34 per cent attracted attention because of the 
contrast to the much higher death rates of streptococcus hemolyticus 
infections originating from other foci. In twenty the infection was 
diagnosed as a pharyngitis or nasopharyngitis without pulmonary 
involvement. The remaining three cases included two cases of ton- 
sillitis, one with a peritonsillar abscess, and one case of post-tonsillec- 
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tomy infection. The above described conditions were the only pri- 
mary foci which could be discovered clinically. There was no bac- 
teremia originating from an uncomplicated sinus infection or the 
larynx in this series of cases. 


Fifteen patients were between the ages of 1 and 5, six between 5 
and 20 years, and the remaining two were 40 and 72 years old, re- 
spectively. There was, thus, an unquestionable predilection for the 
early years of life. Only three cases occurred during the summer and 
two in the fall (November). The remaining eighteen cases occurred 
during the winter and early spring (March and April). This group, 
therefore, also showed a definite seasonal incidence. In connection 
with the opinion that tonsillectomized patients are more prone to 
develop a general infection in the presence of a pharyngitis, it is of 
interest to mention that of the twenty cases, only eight had a pre- 
vious tonsillectomy. 


We were strongly impressed by the fact that ten of the twenty- 
three patients in this group developed osteomyelitis of the long bones, 
and of these, only one died. The nine recovered patients were 
under 6 years of age, and the patient who died was 11. In each 
instance only one bone was involved and the osteomyelitis was either 
the first or only complicating condition. In these cases the osteomye- 
litis was undoubtedly the source for the persistent bacteremia. 


In most of the fatal cases the blood culture showed a considera- 
ble number of streptococci present in the blood stream. In the fifteen 
recovered cases, eleven blood cultures were positive in fluid media 
only and four in all media. Of the eleven just mentioned, five showed 
growth in only one of the fluid media. It is interesting that in the 
blood cultures of the nine patients who developed osteomyelitis and 
recovered, organisms grew in fluid media only in six instances. 


In this group of twenty-three cases there was a history of an 
upper respiratory infection in every instance preceding the discovery 
of the bacteremia. In most of the cases a local inflammatory process 
was still evident when a septic clinical picture appeared. Thus, this 
group of cases presents convincing evidence that an upper respiratory 
infection may be the source of a streptococcus hemolyticus bactere- 
mia. The persistence of the bacteremia in nineteen of these cases, 
however, might be attributed to metastatic foci or contiguous infec- 
tions. In only four cases the infection remained entirely localized 
(one case of tonsillitis with peritonsillar abscess and three cases of 
pharyngitis in young children). 
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In twenty of the cases a pharyngitis or nasopharyngitis was 
apparently the portal of entry for the organism. Whether the bac- 
teria gained entry into the blood stream by way of a local phlebitis 
or by way of the regional lymphatics cannot be ascertained as yet. 
This question requires further pathologic investigation. 


Thus, we are dealing in this group with a type of streptococcus 
hemolyticus bacteremia originating in the upper respiratory tract and 
occurring for the most part in children during the winter and spring 
months. Apparently, these blood stream infections have a compara- 
tively favorable prognosis and show a definite metastatic predilection 
for long bones. 


LATERAL SINUS THROMBOSIS. 


Data as to blood cultures in this group of cases are presented for 
a longer period of seven years. During this time, operations for 
lateral sinus thrombosis were performed on sixty-three patients. The 
results of preoperative blood cultures were as follows: 


In two cases no blood cultures were taken; in two the blood 
cultures were reported sterile; in one, bacillus pyocyaneous was iso- 
lated; in another, bacillus proteus; and in fifty-seven cases strepto- 
coccus hemolyticus was found in the blood stream in variable num- 
bers. Thus, the preoperative blood cultures were positive in 96.7 per 
cent of the patients. The large amount of blood taken for cultiva- 
tion, the employment of a variety of solid and fluid media, and re- 
peated blood cultures were all important factors in obtaining this 
high incidence of positive blood cultures. In view of the practical 
importance of a positive blood culture in the diagnosis and operative 
indication of lateral sinus thrombosis, these figures are summarized 
in Table III. 

TaBLe III. 


Distribution of Positive Blood Cultures in Cases of Lateral Sinus Thrombosis 
According to the Media in which Growth was Obtained. 


Preoperative Blood Cultures Postoperative Blood Cultures 
Fluid Media Only All Media Fluid Media Only All Media 
1 Medium! 2 Media> 3 Media” 1 Medium! 2 Media" 3 Media® 
14 4 15 33 2 3 10 17 
Total —66 Total —32 


1 Usually tomato or glucose broth. 
* Usually tomato and glucose broth. 
* Tomato, glucose and plain broth. 

As is seen from Table III, bacterial growth occurred in fluid 
media alone in 50 per cent of the preoperative blood cultures. Of 
these positive cultures, 21.2 per cent showed organisms in only one of 
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the fluid media. Of the postoperative blood cultures, bacterial growth 
was restricted to fluid media in 44 per cent of the cultures and to 
one fluid medium in 13 per cent of the cultures. 


Further analysis of the group concerns only forty-three of the 
above sixty-six cases which occurred during the five and a half year 
period originally considered in this presentation. Of these, twenty- 
seven recovered and sixteen died, a mortality rate of 37 per cent. 
Thirty-three of the patients were less than fifteen years of age and 
none were over fifty. Thus, there was a predilection for the early 
years of life. There was no predominant seasonal incidence. The 
main metastatic foci in this group of cases occurred in the kidneys, 
lungs, bones and joints. Intracranial involvement was the most com- 
mon fatal complication. 


Libman’s original blood culture work* on lateral sinus thrombo- 
sis is one of the great contributions to otology. He demonstrated 
that a frank bacteremia is an important and constant feature in the 
clinical picture of lateral sinus thrombosis and that the invading 
organism is usually streptococcus hemolyticus. 


Our studies of a larger group of these cases have once more cor- 
roborated his findings with a higher percentage of positive results. 
Thus, of sixty-three patients operated on for lateral sinus throm- 
bosis, a preoperative blood culture was taken in sixty-one cases and 
found positive in fifty-nine instances (96.7 per cent). Of these fifty- 
nine proven bacteremias, streptococcus hemolyticus was obtained 
from fifty-seven cases (96.6 per cent). 


It is well known that the number of bacteria in the blood stream 
during the course of a general infection may vary greatly at different 
times the day. The report of a sterile culture on one occasion and 
numerous organisms per cubic centimeter of blood from the same 
patient on the following day is not an infrequent occurrence in the 
bacteriology laboratory. The need, therefore, for repeated blood cul- 
ture studies in suspected cases of lateral sinus thrombosis, where the 
diagnosis is so dependent on these cultures, cannot be overemphasized. 


Since these facts concerning lateral sinus thrombosis have been 
fully appreciated, blood culture studies have been especially helpful 
in solving septicemias with vague otitic histories and inconclusive 
physical findings. The discovery of streptococcus hemolyticus in such 
cases has led to the diagnosis of lateral sinus thrombosis with consist- 
ent accuracy, after all other sources of infection have been logically 
excluded. Conspicuously illustrative of such instances is the type 
of sinus thrombosis known as primary jugular bulb thrombosis.* 
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These patients when examined usually presented a healed or healing 
middle ear infection and no evidence of mastoiditis. The history of 
a recent otitic infection and the presence of a septicemia suggested 
the possibility of a primary jugular bulb thrombosis, but the finding 
of a hemolytic streptococcus blood stream infection established the 
diagnosis when no other focus of infection could be ascertained 
clinically. 

We believe that the presence of even a very small number of 
hemolytic streptococci in the blood stream at any time is indicative 
of a frank bacteremia. In other words, in a suspected case of lateral 
sinus thrombosis, growth of streptococcus hemolyticus in fluid media 
only, even on one occasion in a single flask, is suggestive of a sinus 
wall infection, all other clinical possibilities having been reasonably 
considered and excluded. The same view may be entertained for 
pneumococcus type III, but for no other organism. Before any other 
bacterium is regarded as the causative agent, it should be isolated 
from both solid and fluid media on one occasion, or from fluid media 
on two occasions. As was mentioned above, bacterial growth occurred 
in fluid media alone in 50 per cent of the preoperative blood cultures, 
and of these positive blood cultures, 21.2 per cent showed organisms 
in only one of the three fluid media. It is apparent, therefore, that 
if the amount of blood taken for cultiyation had been reduced or 
some of the media eliminated, the incidence of positive blood cultures 
would have been considerably diminished. If solid media alone had 
been used, the incidence of positive cultures would have decreased by 
one-half. It is also evident that in at least 50 per cent of the cases 
the number of organisms present in the blood stream preoperatively 
was very small. For this reason it is at times necessary to take repeated 
blood cultures. 

Repeated sterile cultures, we also believe, represent information 
which should be seriously considered in the evaluation of cases under 
observation. An otologist who has reliable bacteriologic studies at his 
disposal should be disinclined to operate on a suspected case of sinus 
thrombosis with repeated sterile blood cultures, unless undeniable 
clinical findings are encountered. This policy has borne satisfactory 
results, for such cases after a period of observation have evidenced 
manifestations which indicated the presence of a pneumonia, pharyn- 
geal abscess, pyelonephritis, primary meningitis, or some other illness 
which accounted for the clinical course. 

ACUTE OTITIS MEDIA WITH MENINGITIS. 

There were four cases of acute otitis media with meningitis 

which showed numerous streptococci in the blood stream. They all 
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resulted fatally. Inasmuch as middle ear infections alone do not pro- 
duce any bacteremia, the meningitis had to be considered as the source 
of the blood invasion. 


All the cases occurred in the winter and spring. In three cases 
there were no secondary foci, most likely because of the fulminating 
course. 


DISCUSSION. 


In presenting the following discussion, we have taken into con- 
sideration all the groups. In this way the otolaryngologic groups 
can be evaluated and appreciated in relationship to the other bac- 
teremias. 

These cases of streptococcus hemolyticus bacteremia showed a 
close correlation between bacteriologic findings and clinical sig- 
nificance. We have observed that the occurrence of a positive blood 
culture with the technic employed indicated a general infection (sep- 
ticemia) clinically. In this series no positive blood cultures were en- 
countered in cases where such a general infection was absent. 


It should be noted that certain features in our blood culture 
technic were apparently responsible for the high percentage of posi- 
tive blood cultures obtained. We refer particularly to the large quan- 
tity of blood drawn, the variety and enrichment of the media em- 
ployed, the careful adjustment of pH of the media, the daily sub- 
cultures, spreads and prolonged observation. The sensitivity of our 
routine media has been checked at various times by simultaneous com- 
parison with a number of other recommended media, including 
those of Cecil, Nichols and Stainsby,' the Kendall media” and 
various anaerobic methods,” and none of these showed a higher inci- 
dence of positive blood cultures. 


The efficacy of our blood culture methods has been demon- 
strated by our experiences with diseases proven to be associated with 
bacteremia. Thus, in lateral sinus thrombosis, a condition in which 
the blood stream is invaded at some time during the course of the 
disease, positive blood cultures were obtained in 96.7 per cent of the 
cases over a seven year period. Also during a similar period with 
which this study is concerned, in 95.5 per cent of the cases of sub- 
acute bacterial endocarditis which came to autopsy, nonhemolytic 
streptococci had been cultivated from the blood stream by the same 
technic.‘ 

We have been especially interested, while studying these blood 
cultures, in the clinical significance of the growth of streptococcus 
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hemolyticus in fluid media alone as distinguished from growth in 
both fluid and solid media. We have been able to establish certain 
diagnostic and prognostic criteria from our observations. 


Growth in both fluid and solid media was interpreted to indicate 
the presence of large numbers of organisms in the blood stream, 
whereas growth restricted to fluid media indicated a paucity of or- 
ganisms. This becomes clear when we consider that inoculation of 
a single bacterium into a fluid medium yields a high concentration 
of bacteria in twenty-four to forty-eight hours. On the other hand, 
similar inoculations into a solid medium will yield only a single col- 
ony. Furthermore, the initially inoculated bacterium is much less 
likely to survive on a solid medium than in a fluid medium. 


The most striking observation which this study presents was that 
every positive blood culture of streptococcus hemolyticus was asso- 
ciated with clinical indications of blood invasion. In other words, 
every case was a “frank” bacteremia and clinically significant, while 
what is known as a “transitory” and clinically insignificant bac- 
teremia with no evident portal of entry was not encountered. This 
also applied to cases in which growth was limited to fluid media, even 
to one fluid medium. Thus, in the cases of peripheral infection, upper 
respiratory infection and lateral sinus thrombosis, conditions in which 
a positive blood culture was very important for diagnosis, 48 per 
cent of the blood cultures were positive in fluid media only. Further- 
more, in 36 per cent of these positive blood cultures growth oc- 
curred in one fluid medium. In every one of these cases the blood 
stream was being fed by a demonstrable septic focus. 


Growth of streptococcus nonhemolyticus (Alpha and Gamma- 
Brown) confined to fluid media does not have the same clinical 
implication as indicated above for streptococcus hemolyticus. Such 
a bacteremia might belong to the transient variety and be clinically 
unimportant. Such observations have been made by Libman,' Licht- 
man and Gross,* Epstein and Kugel,” Burn,'’ and confirmed experi- 


mentally by Desoubry and Porcher."' 


It is interesting from a prognostic consideration that the groups 
which had the larger percentage of positive blood cultures in fluid 
media only, showed the lowest mortality rates (peripheral infections, 
upper respiratory infections, lateral sinus thrombosis). Even in the 
groups with high death rates the recovered cases were usually those 
whose blood cultures showed growth restricted to fluid media (gyne- 
cologic infections, associated nonbacterial diseases). The high mor- 
tality associated with the cases of acute otitis media with meningitis 








970 GOLDMAN-SHW ARTZMAN. 


and pulmonary infections (100 per cent in our series) is well known. 
Of special interest, because of its clinical importance and compara- 
tively frequent occurrence, is the group of surgical postoperative 
infections which presented the third highest mortality rate of 85 per 
cent. 


TABLE IV. 


Relationship of Quantitative Number of Organisms to Mortality Rates (Prognosis). 


Fatal No. of Recovered 
No. of Cases posi recoy- cases posi- 
Total Total fatal tive in ered tive in 
Group Causes Mortality causes all Media Cases Pld. Media 
Upper Respiratory 
Infections 23 340, 8 5 15 11 
Peripheral Infections 22 36% 5 5 17 10 
Lateral Sinus 
Thrombosis 43 37% 16 9 27 15 
Gynecological Infections 10 60°, 6 6 4 4 
Associated Non- 
Bacterial Diseases 23 74 17 17 6 4 
Pulmonary Infections 8 100% 8 8 


SUMMARY. 


In this study 168 cases of streptococcus hemolyticus bacteremias 
were described and classified according to the portal of entry of the 


organism. 


Of the 168 patients, 91 died—a mortality rate of 54 per cent. A 
mortality rate ranging from 60 to 100 per cent was encountered in 
the following groups: gynecologic infections, articular and osseous 
infections, miscellaneous nonbacterial conditions associated with 
streptococcus hemolyticus, surgical postoperative infections, pulmo- 
nary infections and acute otitis media with meningitis. In contrast 
to these, the mortality rate of the cases of secondary erysipelas was 
20 per cent, upper respiratory infections 34 per cent, peripheral 
infections 36 per cent, lateral sinus thrombosis 37 per cent, and pri- 
mary erysipelas 50 per cent. 


Ninety-one per cent of the cases in which the primary foci 
were located in the respiratory tract (pulmonary infections, upper 
respiratory infections, acute otitis media with meningitis) occurred 
in the winter and spring months. The remaining conditions mani- 
fested no particular seasonal influence. 


Upper respiratory infections, lateral sinus thrombosis and osseous 
and articular infections showed a tendency to occur during the early 
years of life. The other conditions evidenced no predilection for a 
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special age. In the group of peripheral infections the mortality during 
the middle years of life was considerably higher than during the 
earlier years of life (75 per cent as compared to 25 per cent). 


The enrichments of the blood culture media and the blood cul- 
ture methods employed were largely responsible for the high inci- 
dence of these positive streptococcus hemolyticus blood cultures, espe- 
cially when limited to fluid media. 


The quantitative estimation of the number of hemolytic strep- 
tococci in the blood stream (i. e., growth of the bacteria in both solid 
and fluid media or in fluid media alone) had both diagnostic and 


prognostic significance. 


The conspicuous groups illustrating the diagnostic value of these 
blood cultures were the cases of lateral sinus thrombosis, upper respi- 
ratory infections and peripheral infections. In the cases of lateral 
sinus thrombosis, 50 per cent of the preoperative blood cultures 
showed growth in fluid media only, and growth appeared in but one 
fluid medium in 21 per cent of these cultures. In the cases of upper 
respiratory infections and peripheral infections, bacterial growth was 
restricted to fluid media in 61 per cent and 45 per cent, respectively, 


of all cultures. 


The prognostic import of these blood culture results is demon- 
strated by the fact that the groups with relatively low mortality 
presented a high percentage of positive blood cultures in fluid media 
only, while the groups with relatively high mortality had a high 
percentage of positive blood cultures in both solid and fluid media. 
It is significant that all the gynecologic and associated nonbacterial 
cases showing growth in fluid media only recovered. 


Of special interest among the cases of upper respiratory infec- 
tion was the group which developed long bone metastases. The infec- 
tion in these cases (ten) manifested a predilection for young children, 
a tendency towards complete recovery (90 per cent), and a small 
number of organisms in the blood stream in a majority of the cases 
(fluid media only 60 per cent). 


The data embodied in this paper disclose that in contrast to non- 
hemolytic streptococci (Alpha and Gamma), the finding of strepto- 
coccus hemolyticus (Beta) in the blood stream, even in extremely 
small numbers, was of important clinical significance for diagnosis, 
prognosis, and indication for surgical interference. 

1235 Park AVE. 
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ACTINOMYCOSIS OF THE SPHENOID WITH ACTINO- 
MYCOTIC MENINGITIS AND BRAIN ABSCESS.* 


RupDoLrH Kramer, M. D., 
AND 
Max L. Som, M. D., 
New York. 


In extensive studies of the bacteriology of accessory nasal sinus 
suppuration by Turner,’ no mention is made of actinomyces as a 
primary pathogenic organism. However, secondary involvement of 
the accessory nasal sinuses, particularly the antra of Highmore, may 
result from extension of fungus infections in dental caries of the 
upper jaw. Likewise, actinomycotic infection of the nasopharynx 
may spread to the paranasal sinuses, as in two instances cited by New 
and Figi.” Another possible source of secondary actinomycotic infec- 
tion of the paranasal sinuses is that resulting from primary actinomy- 
cotic mastoiditis. Beysiegel’ collected fifteen instances of actinomy- 
cotic mastoiditis, and in the majority of these he believed that the 
infection originated in the external auditory canal and subsequently 
involved the mastoid and paranasal sinuses. In several instances, how- 
ever, he assumed the existence of a primary actinomycotic nasophar- 
yngitis with secondary extension to the mastoid by way of the eusta- 
chian tube and middle ear. 

The only reported instance of primary actinomycotic infection 
of the sphenoid sinus is that of Stevenson and Adair Dighton.' They 
observed a case of meningitis following enucleation for pneumococcic 
panophthalmitis resulting from traumatic ulceration of the cornea. 
The authors assumed that the meningitis was secondary to the pan- 
ophthalmitis. At autopsy the meningitis, however, was found to be 
the result of a primary actinomycotic osteomyelitis of the sphenoid 
sinus with intracranial extension. 


In the case here reported, the diagnosis of sphenoiditis was enter- 
tained during life and the patient operated upon intranasally, al- 
though the bacteriology was not determined until after death. 


*From the Laryngological Service and the Laboratories of the Mount Sinai 
Hospital, New York City. 
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Case Report.—A 25-year-old Hungarian woman was admitted 
to the laryngological service of the Mount Sinai Hospital on Septem- 
ber 20, 1934. She had been in good health until three weeks prior to 
admission. At that time she developed an upper respiratory infection 
and several days later complained of severe right frontal headache 
radiating behind the right ear to the occiput and to the nape of the 
neck. Nasal obstruction and a moderately profuse postnasal discharge 
developed. There was no history of chills and the daily temperature 
was never elevated above 99 F. Because of persistent headache and 
vomiting she was admitted to the hospital. 


A physical examination revealed no significant findings, except 
for the local nasal condition. Intranasal examination revealed a de- 
viated septum with intense congestion of the nasal mucosa, more 
marked on the right side. There was thick mucopus in the right olfac- 
tory sulcus and middle meatus. On posterior rhinoscopy, purulent 
exudate was seen in the posterior choanx. No evidences of menin- 
geal irritation were observed. A diagnosis of acute pansinusitis with 
sphenoid involvement was made and the patient was treated with 
nasal sprays of cocaine and adrenalin followed by steam inhalations. 


Course.—Severe occipital pain persisted despite increased drain- 
age from the sinuses. A blood count showed a hemoglobin of 75 per 
cent Sahli, 12,000 leucocytes with 76 per cent polymorphonuclear 
neutrophiles and 24 per cent lymphocytes. Fundus examination re- 
vealed reddening of the nerve head on the right with indistinct 
margins, but no real edema. The retinal vessels were slightly full. 
An x-ray examination of the paranasal sinuses showed a small right 
sphenoid sinus which was definitely cloudy. The left sphenoid sinus 
was considerably larger and also hazy, as was the antrum on the same 


side (Fig. 1). 


Irrigation of both sphenoids through the natural orifices yielded 
a moderate amount of mucopus from the right side and a clear return 
from the left. Low grade fever, pain in the nape of the neck and 
tenderness over the right occiput persisted. The tip of the spleen 
was now palpable, and the liver could be felt two fingers below the 
costal margin. Agglutination tests for typhoid, paratyphoid and 
melitensis, and repeated blood cultures were negative. 


Four days after admission, slight spasticity of the neck was de- 
tected. This could be easily overcome, although the patient winced 
when the head was flexed on the chest. No Kernig or Brudzinski was 
present. Lumbar puncture was performed and a small quantity of 
clear, transparent cerebrospinal fluid was withdrawn. The manometric 








ACTINOMYCOSIS OF THE SPHENOID. 975 





Fig. 1. Roentgenogram of nasal sinuses. Right sphenoid considerably 


smaller and distinctly more cloudy than left sphenoid. 


pressure was 114 mm. of water, the cell count showed one lympho- 
cyte per cubic mm. Culture of the spinal fluid was sterile. An area 
of fullness and exquisite tenderness was now noted over the right 
occipital region, just behind the sternomastoid muscle. X-ray exami- 


nation of the cervical spine showed no abnormality. 


A right spheno-ethmoidectomy with intranasal antrotomy was 
performed with the Yankauer technic, under local anesthesia. The 
right sphenoid sinus was found to be partially filled with a viscid, 
glairy secretion but did not contain free pus. The mucosa of the floor 
of the sphenoid sinus was thickened, irregular and polypoid. The 


mucosa was not stripped from the bone. 








976 KRAMER-SOM. 


The intranasal operative procedure had no effect upon the course 
of the illness. Headache, occipital pain, and nuchal tenderness with 
intermittent fever of 103 F. continued. Cervical tenderness now 
shifted to the region of the atlas. Re-examination of the cervical 
spine roentgenographically again failed to reveal any abnormality. 
The diagnosis of osteomyelitis of the cervical vertebrae secondary to 
infection of the basi-sphenoid was suggested and the spine immo- 
bilized with a plaster collar. This procedure caused no subsidence of 
pain. 


On October 4th, nine days after ethmoidectomy, the patient 
developed severe pain over the left frontal region and occiput, radi- 
ating to the neck. Bony tenderness was now more manifest on the 
left side of the neck, although still present on the right. The pos- 
terior cervical chain of lymph glands became palpable and tender. 
Neurologic examination at this time still showed no signs of central 
or peripheral nervous system involvement. The course of the patient’s 
illness continued unabated. Shock tenderness developed over the dor- 
sal spine and left costovertebral angle. Examination of the urine was 
negative, the leucocyte count was 21,300 with 90 per cent polymor- 
phonuclear neutrophiles. A striking feature in the relative dispro- 
portion between the rate of the pulse and the height of the fever was 
now noted. With a temperature of 102  F., the pulse varied between 
80 and 88 per minute. The plaster cast had proved of no benefit and 
was removed. Definite limitation of flexion of the head with spasm 
of the cervical muscles was present. A spinal tap was performed and 
turbid fluid obtained under an initial pressure of 260 mm. of water. 
This promptly rose to 520 mm. on jugular compression. Cell count 
of the spinal fluid showed 380 cells per cubic mm. with 85 per cent 
polymorphonuclear neutrophiles and 15 per cent lymphocytes. A cen- 
trifuged specimen showed no organisms on smear and the culture was 
sterile. Cisternal puncture was performed and yielded a ground glass 
fluid containing 1900 cells with 88 per cent polymorphonuclear neu- 
trophiles. Globulin was present. On standing, the fluid formed a 
pellicle, smear of which showed no acid fast bacilli. The Wassermann 
test and colloidal gold were negative; the fluid contained 25 mgm. of 
sugar, 595 mgm. of chlorides, total of proteins 90 mgm. per 100 cc. 


The patient became apathetic and on the 20th of October devel- 
oped a bilateral papilledema, right facial weakness, absent right ab- 
dominal reflexes, a positive right Babinski, patellar and ankle clonus. 
bilateral Kernig and rigidity of the neck. The visual fields could not 
be tested, because of the patient’s inability to co-operate. In addition, 
there was tenderness on percussion over the left temporal region of 
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the skull. The diagnosis of left temporal lobe abscess was made. On 
the following day the patient became more drowsy, totally aphasic, 
with increased blurring of the discs. A craniotomy was performed 
and a button of bone was removed from the left temporal region. 
The dura was normal in appearance, and the brain could be seen shin- 
ing through it, under increased pressure. On introducing the needle 
downward and forward, nonresisting tissue was entered and aspira- 
tion yield disorganized brain with pus droplets. The patient died 
forty-eight hours after operation. 


A complete postmortem examination was performed by Dr. 
Silverman and Dr. Tarachow. 


General Examination: There were multiple lung abscesses. These 
consisted of small spherical nodules located subpleurally and on sec- 
tion showed necrotic centers. The abscesses were sharply demarcated 
from the surrounding lung parenchyma. Aside from passive conges- 
tion of spleen, liver and kidney, the remaining viscera showed no 
significant alteration. 


Microscopic examination of nodules in the lung showed them 
to be composed of broken down pulmonary parenchyma which was 
partly replaced by red blood cells and masses of polymorphonuclear 
leucocytes. The abscesses were surrounded by congested, collapsed 
alveoli which contained many histiocytes. Bacterial stains of these 
sections showed gram positive cocci in chains. Actinomycotic colonies 


were not found. 
Brain (Examined by Dr. J. H. Globus) : 


Gross Anatomy.—The dura was under moderate tension. There 
was a massive green purulent exudate at the base of the brain. The 
ventral surface of the brain stem was covered by the fibrinopurulent, 
greenish exudate extending caudally as far as the level of the decussa- 
tion of the pyramids and rostrally to the level of the temporal poles. 
It coated the restiform bodies, brachia pontis and lay thick over pons, 
cerebral peduncles, mamillary bodies, optic tracts, chiasm and optic 
nerves. The right lateral fissure was free; the right temporal pole 
could be separated readily from the overlying frontal lobe. On the 
left, however, the exudate obliterated the lateral fissure, extended be- 
yond the temporal pole, and bound the temporal and frontal lobes 
together. 

Section through the left temporal lobe revealed an abscess cavity 
at the anterior pole (Fig. 2). It measured approximately 2 x 2 x 2 
cm. and possessed an irregular but well defined wall. The tract result- 
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Fig. 2. Photograph of horizontal section of brain. (A) Abscess at 


anterior tip of the left temporal lobe. (B) Tract due to exploratory punc- 


ture caudal to cavity. 


ing from the operative exploration of the temporal lobe abscess did 
not enter but was caudal to it. The cavity contained thick, greenish, 
flaky exudate. At its medio-anterior border the wall became less than 
1 mm. thick and broke into the lateral fissure about 1 cm. rostral to 
the uncus. This abscess did not communicate with the inferior horn. 
Section through the left frontal lobe revealed another abscess lying 
in the midportion of the frontal lobe immediately above the site of 
the temporal abscess. This cavity measured approximately 1.5 x 1.5 
x 1.5 cm. and presented an irregular well defined wall and contents 
similar to that found in the temporal abscess. The roof of this cavity 
lay 0.5 cm. lateral to the antero-inferior tip of the anterior horn and 
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did not communicate with the ventricular system. The abscess occu- 
pied the site of the anterior half of the anterior limb of the internal 
capsule, part of the caudate nucleus and part of the anterior portion 
of the lentiform nucleus reaching laterally to the gray matter of the 
cortex. Its wall was thinnest (approx. 1 mm.) at its inferior aspect, 
where it lay in contact with the lateral fissure immediately above the 
site of the perforation of the temporal abscess. 


It would seem that both the temporal and the frontal lobe ab- 
scesses had a common point of origin. A single vascular trunk 
through its branching acted as the vehicle of the infective material. 


Microscopic Anatomy.—Sections revealed a thick exudative 
process in the meninges, consisting of two zones. There was an inner 
zone of lymphocytic and fibroblastic infiltration immediately over- 
lying the cerebellar cortex. The outer zone consisted of masses of 
polymorphonuclear leucocytes, and of many large mononuclear pha- 
gocytes. A vertical section through the third ventricle just behind 
the optic chiasm showed considerable organization of the basilar 
exudate with the formation of many small vascular channels and the 
proliferation of numerous fibroblasts. Sections through the brain 
abscess at the tip of the temporal lobe showed a sinus filled with many 
degenerating polymorphonuclear leucocytes, communicating the 
meningeal exudate at the base of the brain, just to the left of the 
optic chiasm with the abscess cavity. The abscess cavity was filled 
with a mass of necrotic polymorphonuclear leucocytes, among which 
were observed three or four dark blue-staining masses with the poorly 
defined fibers radiating from the periphery. These bodies were sug- 
gestive of actinomycotic colonies. The surrounding brain tissue con- 
tained many small blood vessels and many fibroblasts, but there was 
no definite abscess wall. Sections through the cortex, remote from 
the abscess, showed engorgement of the meningeal vessels and slight 
disseminated areas of rarefaction of parenchyma. In the brain stem 
there were small areas of rarefaction, particularly in the parenchyma, 
subjacent to the thick meningitic process. An occasional lymphocytic 
perivascular infiltration was encountered. 


Bacterial stains failed to demonstrate the presence of bacteria in 
the meninges or in the brain abscess. The small dark-staining bodies 
described above appeared in the bacterial stain as dark, homogeneous 
purplish bodies in which no rod-like structures could be distinguished. 
The radiating, fibrillary processes were gram negative. These bodies 
morphologically resembled the ray fungus of actinomycosis. 
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Fig. 3. Coronal section through both sphenoidal sinuses. (A) The 
summit-like prominence on the posterior wall of the left sphenoid. (B) Small 
right shallow sphenoid situated anterior to well pneumatized left sphenoid. 


Paranasal Sinuses.—The ethmoid and sphenoid paranasal sinuses 
with the adherent dura were removed en bloc. Grossly, there was 
no apparent defect in the posterior wall of the sphenoid or any visible 
communication between the sphenoid sinus and the cranial cavity. 
The dura over the sphenoid was considerably thickened and firmly 
bound to the basisphenoid. The surface was covered with yellow pur- 
ulent exudate. The right ethmoid labyrinth presented the status 
post intranasal spheno-ethmoidectomy with complete exenteration of 
the ethmoid cells. The corresponding sphenoid was widely open and 
contained a small amount of thick mucopus. The left middle turbinate 
and sphenoid were not disturbed, but on probing the left sphenoid 
natural orifice some greenish mucopus was obtained. The block was 
preserved in formalin and then treated with 5 per cent nitric acid. 
When completely decalcified, the block was divided in the midline at 
right angles to the cribriform plate, thus exposing both sphenoid 
sinuses. A localized prominent swelling could be seen on the posterior 
wall of the left sphenoid, producing a summit-like elevation of mu- 
cosa. The diameter of this raised area was about 1 cm. At the apex 
of the swelling a dimple in the mucosa could be seen. The appear- 
ance was that of a furuncle surrounded by an area of infiltration 
(Fig. 3). A marked discrepancy in the relative size of the sphenoid 
sinuses was now very evident. The right sphenoid was much smaller 
than the left and situated more anteriorly. The left sphenoid was 
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Fig. 4. Photomicrograph of horizontal section through the posterior 
wall of left sphenoid at the level of prominence A. in Fig. 3. (Low 
power.) (A) Actinomycotic colonies surrounded by a compact zone of 


po!morphonuclear leucocytes. (B) Osteomyelitis of the posterior wall of 


sphenoid extending endocranially. 


extensively pneumatized, protruded behind the right sphenoid and 
almost encircled it. The block was now prepared routinely for serial 
sections and the slides stained with hematoxylin and eosin after cel- 


loidin imbedding. 


Microscopic examination revealed an actinomycotic sphenoid 
osteomyelitis and meningitis. The furuncle on the posterior wall of 
the left sphenoid consisted of a subepithelial actinomycotic abscess 
containing numerous colonies of ray fungi. The mucosa of both sin- 
uses was edematous. The ray fungus was intimately imbedded in a 
compact layer of degenerated polymorphonuclear leucocytes, forming 
a circular abscess. Surrounding this area there was an acute inflam- 
mation of the mucosa with invasion by polymorphonuclear leucocytes 
and occasional lymphocytes. The marrow spaces were obliterated 
by an infiltration of inflammatory cells and fungi. Areas of distinct 
bone destruction with polymorphonuclear invasion of the cortex and 
multinuclear giant cells (osteoclasts) could be seen. The pathway 
of infection, endocranially, could be traced by the extension of the 
osteomyelitis to the overlying meninges (Fig. 4). The dura was 
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Fig. 5. Photomicrograph of an actinomycotic colony from the 


meninges. (Medium power.) 


markedly thickened and infiltrated with inflammatory cells. Numer- 
ous actinomycotic colonies were present in the dura, covering the basi 
sphenoid (Fig. 5). The dura investing the third, fourth and sixth 
nerves in the right sphenoid fissure contained numerous colonies of 
fungi. The posterior bony wall of the right sphenoid was the seat 
of a similar actinomycotic osteomyelitic process. Small areas of brain 
substance (pituitary) showed no inflammation. There were no 
thrombi in the larger vessels. The ray fungi colonies were definitely 
identified as actinomycosis. 


Comment.—The method of introduction of the actinomyces 
into the body is uncertain. Because of the frequency of this infection 
amongst farmers and laborers, many observers believe that the infec- 
tion is exogenous. They contend that the disease is acquired either 
by picking the teeth with straws or chewing grass or hay. Lord” 
obtained actinomyces from carious teeth and tonsillar crypts, and 
reproduced the actinomycotic tumors in the guinea pig by intraperi- 
toneal injection. He maintains that the spread of disease in the body 
is from within, during a period of lowered resistance or following 
trauma. 

It should be emphasized that while this case is reported as pri- 
mary actinomycosis of the sphenoid, this diagnosis was entertained 
only after complete postmortem examination failed to reveal any 
other possible focus. The mode of entry into the sphenoid is still not 
clear. 

121 East 60TH ST. 
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SYPHILITIC TONSILLITIS: HISTOPATHOLOGY IN THE 
SECONDARY STAGE.* 


Epcar R. Punp, M. D., aNpD 


Georcia H. BRAWNER, 
AucGustTa, GEORGIA. 


It is apparent from a review of the medical literature that the 
opportunity for histologic study of syphilitic tonsillitis in the sec- 
ondary stage of the infection is rare indeed. It has been demonstrated 
clinically, however, that the tonsils are commonly involved in this 
phase of syphilis. In 1910 Campbell' found that spirochaeta pallida 
could be found in films from the tonsils in 80 to 90 per cent of cases 
of secondary syphilis. This period extended from the time of gen- 
eral glandular enlargement until the end of active secondary signs. 
In a small number of his cases the ease of finding spirochetes in ton- 
sillar films proved a useful method of diagnosis. He observed that 
enlarged and hyperemic tonsils invariably revealed spirochetes; en- 
larged tonsils without hyperemia yielded spirochetes with a great 
degree of certainty; and in most cases of secondary syphilis where 
the tonsils appeared normal spirochetes were found. It is therefore 
apparent from Campbell’s observation that the tonsils are almost 
always involved in secondary syphilis. 


Much of the literature on syphilis of the tonsils is devoted to 
primary and tertiary involvement. This report of two cases that are 
definitely in the secondary stage affords a study of the lesion of 
secondary syphilis of the tonsil and confirms the observation made 
by Campbell. Both of these patients exhibited a secondary rash, one 
at the time of and the other soon after tonsillectomy. One of the 
patients had been treated in the outpatient department of the Uni- 
versity Hospital for an ulcer of the lip, probably the primary sore. 
In the other patient no primary sore was discovered by her physician, 
nor was one observed by the patient. Because of her sex the primary 
lesion could have passed unnoticed by the patient, and had probably 
healed before the time of the general physical examination ten days 


*From the Department of Pathology, University of Georgia School of Medicine. 
Read at the meeting of the Richmond County Medical Society, June 20, 1935. 
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Fig. 1, Case 1. Diffuse fibroblastic and angioblastic proliferation in the 


lymphoid stroma. Large mononuclear cells, fibroblasts and new grown capil- 
laries have replaced much of the lymphoid tissue. Hematoxylin and eosin. 
X 500. 


after tonsillectomy. The diagnosis of syphilitic tonsillitis in each case 
was made from the histologic study and the demonstration of spiro- 
chetes, which were characteristic of the spirochaeta pallida. The diag- 
nosis in each instance was subsequently confirmed by the Wasser- 
mann reaction on the blood of the patients. It is not our custom to 
make routine sections of tonsils that are received in the laboratory. 
The peculiar gross appearance of the tonsils of case 1, warranted 
further histologic study. Later with this gross picture in mind, the 
tonsils of case 2, because of their similarity to the former pair, were 
suspected of being syphilitic and this suspicion was confirmed by the 
histologic study. 
REPORT OF CASES. 

CasE 1.—C. S., a mulatto female, aged thirty-two, complained of a constant 
sore throat for two months. The tonsils were large and congested. Tonsillectomy 
was advised and performed. The pathologic diagnosis was syphilitic tonsillitis. One 
week after operation a maculopapillary rash appeared on the neck, arms and upper 
part of the body. At this time the Wassermann reaction on the blood was strongly 


positive. The rash disappeared after the administration of neo-arsphenamin. 
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Fig. 2, Case 1. Spirochaeta pallida are seen in the stroma. Silver 


impregnation. X 720. 


The tonsils were considerably enlarged and possessed a narrow base, each tonsil 
measuring 1 x 2.5 x 2.5 cm. The surface was almost smooth, indented by only a 
few crypts. The cut surface was pale, slightly fibrous and the number of crypts 
was apparently diminished. On microscopic examination the tonsils were diffusely 
altered from the normal. The number of lymphocytes was diminished and the 
follicles were small and few in number without germinal centers. Much of the 
lymphoid tissue was replaced by large mononuclear cells, fibroblasts and a new 
growth of capillaries. (See Fig. 1.) This change involved the lymphoid stroma 
and gradually encroached upon the lymph follicles. The large mononuclear cells 
resembled those that are derived from reticuloendothelium. There were a few in- 
distinct foci where the monocytes resembled epithelioid cells, and at these sites an 
occasional giant cell was observed. The giant cells were similar to those seen in 
tuberculosis. This picture suggested Hodgkin’s disease without the presence of 
Reed-Sternberg cells. However, when sections were stained by the method of 
Dieterle,* the diagnosis was obvious because of the presence of numerous spirochetes 
with the characteristics of the spirochaeta pallida. (See Fig. 2.) The spirochetes 
were found in the lymphoid stroma but not in the remains of the follicles. They 


were especially numerous along the new grown capillaries. 


Case 2.—D. C., a white male, aged nineteen, entered the hospital for tonsil- 
lectomy because of recurrent attacks of sore throat for several years. For the 
past three weeks he had had a coryza and recently he had complained of mild mus- 
cular pains. Seven weeks previously he was treated in the outpatient department 
for a sore on the upper lip which had now healed. The tonsils were inflamed and 
enlarged. A small acuminate pustular eruption was noted over the entire body. The 
leukocyte count was 12,200 and temperature was 99.5°. For two days after ton- 








SYPHILIFIC TONSILELITIS. 987 





Fig. 3, Case 2. Accompanying the diffuse reaction are foci of epithe- 


lioid cells. These are seen in the vicinity of the epithelial lined crypts. 


Hematoxylin and eosin. X 135. 


sillectomy his temperature varied between 98 and 102 degrees. On his own re- 
sponsibility he left the hospital with a temperature of 101°. The pathologic diagno- 
sis was syphilitic tonsillitis. He was dismissed from the hospital before the com- 
pletion of the histologic study and was temporarily lost sight of. Nine months 
later he attended the outpatient department because of a penile sore of only two 
weeks’ duration. There were two irregularly oval ulcers one-quarter inch in diam- 
eter on the penis, and dark field examination of a film from the lesions revealed 
the spirochaeta pallida. The Wassermann reaction on the blood was strongly posi- 
tive. When informed of the previous diagnosis, Dr. J. W. Brittingham, in charge 
of the department of syphilis, thought the penile lesion was a recurrent secondary 


reaction. 


The tonsils were large and in the gross strikingly resembled those of case 1, 
but microscopically they differed slightly. Many large lymph follicles were present, 
most of them containing large germinal centers. The lymphoid stroma, however, 
was altered by diffuse fibroblastic activity, a new growth of capillaries, and the 
production of large mononuclear cells of the reticuloendothelial type. The num- 
ber of lymphocytes of the stroma was reduced. In minute areas the monocytes 
resembled epithelioid cells and here an occasional multinucleated giant cell was 
seen. These foci, while irregularly scattered, were more numerous just beneath the 


covering epithelium of the surface and of the crypts. (See Fig. 3.) With Dieterle’s? 
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stain, spirochaeta pallida were demonstrated. The organisms were scattered through- 
out the lymphoid stroma and were found in large numbers in the foci of epithe- 
lioid cells. 

From these foci there was an apparent streaming of the spirochetes towards 
and into the surface epithelium. In the capsule lymphocytic infiltration occurred 


about the tubular structures. 


COMMENT. 


Syphilis of the tonsil has been noted particularly in the late stage 
of the disease and as a primary lesion. The pathologic picture of the 
tonsils from these two patients differs from most of those described, 
and the occurrence of the lesion at the time of a secondary rash indi- 
cates that the lesion is early. Weller,’ in an examination of 8,697 
tonsils, stated that the differential diagnosis between tuberculosis and 
syphilis depended on the relatively avascular character of the former 
and the arrangement of the epithelioid cells in whorls about minute 
capillaries in the latter. This whorling effect was not noted in our 
specimens. One case of syphilis of the tonsils was observed by Morris* 
in a study of 2,321 tonsils, and he described areas of epithelioid tissue 
in the deeper parts of both tonsils. Starry” found four cases of syphi- 
lis in 3,854 pairs of tonsils. One case was congenital in a child, and 
the other three acquired syphilis in adults. He concluded that the 
latter three represented at least a relatively late stage of acquired 
syphilis. In the congenital case areas of epithelioid proliferation were 
scattered throughout the section and there were also foci of fibro- 
blastic and angioblastic proliferation with polymorphonuclear leuco- 
cytic infiltration. Two of the acquired cases showed areas of marked 
epithelioid proliferation scattered throughout the sections and these 
foci were especially numerous in the germ centers of the lymphoid 
tissue. He, too, noted in the former two cases epithelioid cells in 
whorls. Thus Weller, Morris and Starry have directed particular 
attention to the focal lesions which are probably characteristic of late 
and hereditary syphilis. The third case reported by Starry, which 
presented a histologic picture similar to that of our cases, was prob- 
ably a manifestation of secondary syphilis. The tonsils of this case 
were moderately enlarged, and practically all of the lymphoid tissue 
was replaced by marked epithelioid proliferation and occasionally a 
portion of a germ center still remained. 


Apart from those syphilitic lesions of the tonsils as manifested 
by the primary chancre, mucus patches and an ulcerative pharyn- 
gitis, a distinctive tonsillitis occurs in both the hereditary and the 
acquired type of the disease. In acquired syphilis the tonsillitis may 
be a secondary or a tertiary manifestation. In the tonsillitis of the 
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hereditary type and of the tertiary stage of the acquired type focal 
lesions are characteristic. While in the secondary stage of the ac- 
quired type the tonsillitis is characterized by a diffuse reaction in 
the lymphatic stroma which is described in the report of these two 
cases. 
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THE SORE THROAT IN EARLY SYPHILIS.* 
JOHN W. BrittincHamM, M. D., 
AUGUSTA, GEORGIA. 


For the past eight years, during observations of patients with 
early syphilis I have been more or less impressed by the frequency of 
the subjective complaints of sore throat. Since January, 1931, I have 
examined and questioned 1,226 patients with various lesions of early 
syphilis at the Syphilis Division of the Out-patient Department of the 
University of Georgia Clinic. This number of patients comprises the 
group seen at this clinic from January, 1931, until June 1, 1935. 
They were classified further as follows: 423 patients with primary 
syphilis, 502 with typical secondary manifestations, and 301 with 
so-called early syphilis. The latter group was made up of patients 
whose disease was assumed to have been one year or less in duration, 
but in whom there were none of the usual signs of primary or sec- 
ondary syphilis. The majority of these patients gave a history of 
having had a chancre or a generalized rash at some time within one 
year of their admission to this clinic, but at the time of admission 
presented a wide variety of complaints, such as vague joint or muscle 
aches, “misery in the chest,” fainting spells, etc. Many of them had 
no definite complaints, but had been referred on account of discovery 
of a positive serologic reaction during routine examinations. It is in 
this group particularly that the frequency of sore throat proved to 
be of considerable interest. 

Before reviewing the records of these 1,226 patients, I discussed 
the frequency of sore throats in early syphilis with several laryngolo- 
gists. The result of these discussions led me to believe that this was 
indeed a rather common manifestation of early syphilis, but when I 
attempted to review the literature regarding this subject I was sur- 
prised to find that it had been given little consideration. There were 
many descriptions of tonsillitis and other throat lesions in tertiary 
syphilis, and occasional references to primary syphilis in this region, 
but very little mention has been made to this type of pathology dur- 
ing secondary or so-called early syphilis. As long ago as 1910 Camp- 
bell’ reported his observation that spirochaeta pallida could be dem- 
onstrated in films from the tonsils in 80 to 90 per cent of patients 


*From the Department of Medicine, University of Georgia Medical School. 


Read at the meeting of the Richmond County Medical Society, June 20, 1935. 
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with secondary syphilis. It is apparent that Campbell’s work was 
either not repeated on a large enough scale or not sufficiently empha- 
sized. The object of this report is to add clinical emphasis to Camp- 
bell’s very much earlier observation, in the hope that more careful 
histories will be obtained from, and more frequent or routine sero- 
logic studies will be made in young adults who might appear with 
the type of sore throat and tonsillitis to be described. 

Of the patients with primary syphilis 47 out of 423, or 11.1 
per cent, complained of sore throats at the time of admission or at 
some recent time before admission. Most of these patients had had 
a primary lesion for about two weeks or longer, and some of them 
would probably be better classified as very early secondary syphilis. 
This classification was not considered justifiable, however, because 
of the absence of pathognomonic secondary lesions such as mucous 
patches and skin rashes. The appearance of the tonsils in this group 
was very much like that in those with early secondary lesions and will 
be described later. The small number of sore throats here is men- 
tioned chiefly by way of comparison with the larger percentage in 
the other two groups. It is well known that general lymph-glandular 
enlargement is a rather common sign of early syphilis, and since 
the tonsils are lymph glands, it is not difficult to understand why 
they are not involved in the very first days of syphilitic infection. 

A study was made of 502 patients with typical secondary syphi- 
lis, and out of this group 125, or 24.9 per cent, gave histories of sore 
throats, either on admission or shortly beforehand. In most of these 
patients the tonsils were enlarged, and presented dirty ulcerations. 
In many of them, however, the tonsils were smoothly and cleanly 
enlarged, with very little evidence of other inflammation, such as 
redness. In the former group secondary infection was obviously 
present, and it would be impossible to differentiate such tonsils from 
those infected with streptococcus or the mixed throat infections 
which are so frequently seen in patients without syphilis. The ab- 
sence of constitutional symptoms, such as fever, general malaise, etc., 
is quite conspicuous in the patient with a syphilitic throat, and might 
make one suspicious in adult patients. In the very early cases a help- 
ful sign is unilateral cervical glandular enlargement of a discrete 
character—that is, glands which are enlarged separately and more or 
less in chains. When felt with the gloved finger these tonsils which 
are free of ulceration are found to be rather hard and firm. The 
consistency of the ulcerated tonsils is definitely less firm and _ is 
sometimes spongy in character. Stokes” has said that a sore throat 
of more than one week’s duration in the presence of a macular rash 


is almost always due to syphilis. 
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Of the group of patients with so-called early syphilis a still 
higher incidence of tonsillitis and sore throat was found. One hun- 
dred and seven, or 35.5 per cent, out of 301 of these patients showed 
very definite throat or tonsil disease. The glands in this group were 
more or less like those in the secondary group in that they appeared 
out of proportion to the absence of constitutional symptoms. The 
sore throat of which this group complained was usually of more than 
one week’s duration. 


In regard to diagnosis, it would be a relatively simple matter to 
do dark field examinations of films from suspected tonsils, but such 
a procedure was not resorted to in this study because all of these 
patients had strongly positive Wassermann and Kahn tests on their 
sera at the time of admission. The percentage of positive serologic 
tests for syphilis is always at its highest level at this stage of the 
disease, regardless of the type of test performed. In a crowded clinic 
dark-field examinations are not usually done when the diagnosis has 
been established by previous recent serologic tests. Further aid to 
diagnosis of this type of disease is the response to treatment, since 
syphilitic tonsils usually appear normal after three or four arsphena- 
min injections. 

CONCLUSION. 


Sore throat and tonsillitis in early syphilis are relatively common 
symptoms of this disease. 

Subjective complaints of sore throat and objective evidence of 
tonsil disease were found in 28.8 per cent of 803 patients with sec- 
ondary and early syphilis. 

One hundred and twenty-five out of 502, or 24.9 per cent, of 
patients with secondary syphilis had evidence of tonsil abnormality. 

One hundred and seven out of 301, or 35.5 per cent, of patients 
just beyond the secondary stage presented signs of tonsil disease. 

Routine serologic tests for syphilis should be performed on all 
adult patients with sore throat of more than one week’s duration, 
particularly if constitutional symptoms are absent. 

Grateful acknowledgment is made to Mrs. Ethel Bruker, R. N., and the Social 
Service Department of the University Hospital for assisting me in summarizing 
these cases. 

Doctors’ BUILDING. 
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CIV. 


CONGENITAL FIBROEPITHELIAL CYST OF THE NASAL 
VESTIBULE: REVIEW OF THEORIES OF 
PATHOGENESIS.* 


J. ALLAN Weiss, M. D., 


CHICAGO. 


Many names have been applied to cystic tumors found on the 
floor of the nose. These include serous or mucous retention cyst, 
alar cyst, mucoid cyst, soft tissue cyst and cyst of the anterior nares, 
the floor, the lateral wall or of the vestibule of the nose. This varied 
terminology based on location or contents of the growths, disregard- 
ing microscopic structure, is indicative of the earlier state of uncer- 
tainty as to their nature or origin. 


In 1892, Zuckerkandl' made the first brief mention of a cyst 
projecting into the nasal passage, at the base of the alar cartilage. 
Ear'y reports were contributed by Chatellier, McBride, Dunn, Milli- 
gan and Knapp. (2) Briiggeman* collected fifty-two cases in the 
literature up to 1920. In an article containing a good bibliography 
Arnoldi’ listed twenty cases in the period up to 1929. Additional 
reports to date bring the total up to some eighty-odd cases. Except 
for mention in St. Clair Thomson’s textbook’, no report in the 
English literature of the past decade has come to my attention. 


The following case corresponds with typical descriptions. 
REPORT OF A CASE. 


Case 1.—E. R., a white female, 16 years old, was seen on September 9, 1932, 
with a fullness of the left cheek at the alar angle, obliterating the nasolabial 
groove. This swelling had been gradually increasing over a period of six years. 
Nasal breathing was partially obstructed on that side. There was no pain. With- 
in the nose could be seen a hemispherical swelling, elevating the normal mucosa 
of the floor and distending the lateral wall of the vestibule. The mass was soft 
and elastic on palpation. The inferior turbinate was displaced medially and its 
lower surface was concave due to pressure. Some fullness could be felt in the 
gingivolabial sulcus, but there was no bulging or softening of the hard palate or 
superior maxilla. 

No changes indicative of polypoid or suppurative disease of the nose or acces- 


sory sinuses were apparent on examination. The maxillary sinuses transmitted light 


*From the Ear, Nose and Throat Department of the Michael Reese Hospital. 
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with equal brilliance. The teeth were in good condition. There were no other 
relevant physical findings. The Wassermann reaction of the blood was negative. 


The diagnosis made was: Cyst of the lateral wall of the nose; type undetermined. 


Roentgenograms of the sinuses indicated only a slight haziness at the periphery 
of the medial wall of the left antrum. There was no evidence of supernumerary 


teeth or of bone changes in the superior maxilla. 


Aspiration of the fluctuant swelling within the vestibule yielded four cubic 
centimeters of a thin, honey colored, translucent fluid. With the needle in situ an 
equal amount of iodized poppy seed oil 40 per cent was injected into the cyst 
cavity. Anteroposterior and lateral roentgenograms were taken with the head ver- 
tical. Immediately thereafter the antrum was entered by trocar inserted through 
the lateral wall of the inferior meatus, well behind the cyst. Nothing could be 
obtained on aspiration and irrigation of the cavity. Seven c. c. of iodized oil was 
then instilled into the sinus and the roentgenograms repeated in the previous posi- 


tions. 


In the anteroposterior and lateral roentgenograms the cyst was visualized lying 
on the anterior wall of the antrum, encroaching into the pyriform aperture. No 
opaque oil can be seen in the sinus cavity. In the second series of x-rays the 
antrum was seen to be partially filled with the iodized oil with no filling defects to 
indicate abnormal changes of the mucous membrane. The absence of communica- 
tion between the cyst and the sinus cavity is clearly shown by the intact wall of 
the superior maxilla. 


The fluid aspirated from the cyst contained amorphous debris and epithelial 


cells. Cholesterol was not present. 


Under local anesthesia, a sublabial incision was made exposing the cyst lying 
in the incisor fossa on the anterior surface of the maxilla, distending the mem 
branous portion of the lateral nasal wall. There was no ¢onnection with the teeth 
or bone, but sharp dissection was required to separate the sac from its intimate 
union with the nasal mucosa. The nasal cavity was not entered. The cyst con 


tained a glairy mucopus, evidently due to secondary infection at the time of aspira 


tion a few days preceding the operation. The incision healed promptly; a mod 
erate postoperative reaction of the cheek subsided in a few days. Inspection one 
year later showed a normal floor and lateral wall of the nose. There was no facial 


asymmetry. 


The removed cyst measured 20 by 15 by 5 mm. On microscopic 
examination the wall of the sac consisted of a fibrous connective tis- 
sue stroma containing areas of hyalinization, many fibroblasts, young 
capillaries and blood spaces. Some areas were hemorrhagic; others 
infiltrated with numerous leucocytes. There was no definite connec- 
tive tissue basement membrane. Glandular elements were absent. The 
lining was a stratified columnar nonciliated epithelium, containing 
goblet cells and some basal nuclei. Although cilia were absent, the 


epithelium corresponded to that of the upper respiratory tract. 


On the basis of microscopic appearance, Eckert-Moebius” has 


used the term fibro-epithelial cyst to describe similar formations. 
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SYMPTOMATOLOGY. 


Cysts of the nasal vestibule are usually unilateral; however, sev- 
eral bilateral cases have been observed.’ Kasche noted similar cysts in 
a father and daughter.* 


It is unexplainable that the incidence is almost exclusively limit- 
ed to the female sex. Occurrence in the male was reported in only one 
of the fifty-two cases collected by Briiggeman. 


The rate of growth is usually slowly progressive. With increas- 
ing size of the cyst, partial obstruction to nasal breathing and asym- 
metry of the face result. Pain is absent unless infection follows 
trauma or aspiration. Spontaneous fistule do not occur. Slight press- 
ure atrophy of the inferior turbinate or superior maxilla is not in- 


frequent. 


Effective treatment requires complete operative excision. Aspira- 
tion of the contents of these cysts is often followed by recurrence, 


despite attempts at chemical cauterization. 
DIAGNOSIS. 


In the differential diagnosis, benign and malignant tumors of 
the nose, including carcinoma, sarcoma, papilloma, lymphangioma 
and the various chronic granulomata, including those of syphilis, 
lupus, tuberculosis and others, must be considered. These lesions may 
usually be distinguished by their relative firmness and obvious changes 


in the nasal mucosa. 


In mucocele of the maxillary sinus the lateral nasal wall may be 
distended and elastic but not fluctuant. There may also be thinning 
of the hard palate or antrum wall, with “parchment-like” crackling 
on pressure. Transillumination shows greater brilliance than the 
opposite side. Glairy mucoid contents are obtained on aspiration or 


irrigation. 


Dental cysts may be confused with vestibular cysts. They are 
either of follicular or radicular origin and include simple cysts, den- 
tigerous cysts, odontomas and adamantinomas. These formations 
usually arise within the body of the alveolus or maxilla and contain 
rudimentary or complex tooth elements. Roentgenograms often show 
a connection with unerupted teeth, apical granulomas or other bone 
changes. The microscopic picture is variable, but squamous or modi- 
fied squamous epithelium is the rule. Cholesterol is frequently found 
in the cyst contents. 
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REVIEW OF THEORIES OF PATHOGENESIS. 


There has been considerable controversy regarding the genesis 
of cysts of the nasal vestibule. Earlier writers maintained that they 
were retention cysts originating in the mucous glands of the nasal 
mucous membrane. Brown-Kelly” supported this contention by his- 
tologic demonstration of numerous glands in the vestibule. He 
assumed that cysts arose from glands the ducts of which had been 
blocked by inflammatory changes. This theory was refuted in view 
of the lack of connection between the cysts and the nasal mucosa. 


On the basis of their location at the root of the nasal ala, Zar- 
nico'” ascribed the origin of vestibular cysts to perichondritis of the 
cartilage. This assumption has been disproved by the absence of 
inflammatory or retrogressive changes in the alar cartilages. 


Later writers considered these cysts to be congenital malforma- 
tions, but differed concerning the structure from which they might 
originate. Grosser'' suggested the possibility of derivation from a 
vestigial remnant, the glandula lateralis nasalis (Steno’s gland), 
which, in animals, is located opposite the maxilloturbinal. Finding 
a rudimentary form of this gland in a human embryo, he speculated 
as to its potentiality for later cystic maldevelopment. Uffenorde' 
denied this possibility by showing that the theoretical location of this 
gland, homologous to its position in animals, would be opposite the 
agger nasi in the human nose and thus remote from the vestibule. 
Further, such vestigial remnants have not been found in postfetal 
existence in man. 

Griinwald"’ considered a persisting remnant of the nasopalatine 
duct to be the origin of nasal cysts. Confirming this possibility, 
Schaeffer'' writes as follows: 


“Approximately two cm. dorsal to the inner margin of the nostril and in 
juxtaposition to the nasal septum, each nasal fossa presents a slight depression in 
its floor. This depression leads into a small canal lined with mucosa. . . the 
nasopalatine canal (canalis incisivus, canal of Stenson) courses obliquely caudal- 
ward and with its fellow of the opposite fossa converges toward the nasal septum, 
descends almost vertically and passes through the Y-shaped incisive foramen (ante- 
rior palatine canal) in the hard palate. The nasopalatine canals are remnants of the 
wide communication between the nasal and oral cavities found at an early period 
of fetal life. In the vast majority of instances, the lumina of the canals are 
obliterated and represented by impervious cords of epithelial cells . . . The 
obliteration of the lumina often begins before birth. The persistence of the lumen 
of a portion of the nasopalatine canal may be the explanation for cells in the max- 
illa dorsal to the upper incisor teeth. Indeed, such a cell could communicate either 
with the inferior meatus or the buccal cavity; or in the event that both extremi- 
ties of the canal become impervious, the central portion would be without a drain- 


age channel and could readily become cystic.” 














CONGENITAL FIBROEPITHELIAL CYST. 997 


Cysts arising from this source should be found on the medial side 
of the floor of the nasal passage and thus at a distance from the con- 
stant location of true vestibular cysts, namely, beneath the root of 
the ala. Schaeffer cites one instance of such a cyst in the former un- 
usual position. 

Levin’ concurred with Wingrave'" in regard to the possibility of 
cystic formation from the vomeronasal organ. He further indicated 
the connection of this vestige with the rudimentary nasopalatine duct. 
Cysts arising from Jacobson’s organ would, therefore, be found on 
the nasal septum or the medial side of the nasal floor. 

Impressed by the location of the majority of cysts near the lat- 
eral nasal wall, Briiggeman advanced a theory of origin from a degen- 
erated portion of the nasolacrimal duct. In embryologic studies of 
the development of this duct in animals, Peter’’ indicated the varia- 
ble position of its orifice in the inferior meatus. In those cases in 
which the opening of the duct occurred proximal to the extreme end, 
the portion distal to the orifice regressed. Growth of this vestige was 
inferred as an explanation of the cysts. Cysts from this source would 
more likely occur in the floor of the nose than in the lateral wall. 


The hypothesis with which most of the recent authors agree 
ascribes the genesis of vestibular cysts to developmental faults in the 
closure of the primary facial processes. In the course of fusion of 
these structures there may occur inclusion of islands of ectoderm. 
Such epithelial rests, buried by closure of clefts, remain dormant un- 
less some undetermined stimulus in postnatal life causes resumption 
of growth. 

A description of the formation of the nose and face is essential 
to a comprehension of this mechanism of embryologic maldevelop- 
ment. According to Schaeffer,’* in the fourth week of fetal life the 
nasal pits become separated by the primitive frontonasal processes. 
This differentiates into the lateral nasal process (which later forms 
the alz nasi and lateral wall of the nose) and the medial nasal process 
(which later forms the septum and central part of the upper lip). 
At this time, also, the mandibular arch gives rise to the maxillary 
processes, which later form the upper jaw, the cheeks and the lateral 
part of the upper lip. About the thirty-fifth day, obliteration of the 
primary facial clefts occurs through fusion of the various facial 
processes. “For a brief time the lines of fusion of the maxillary and 
lateral nasal processes with the median nasal processes are represented 
by strands of ectodermal tissue. These ectodermal fusion lines soon 
disappear. . . . Persistent epithelial cell masses may later in extra- 
uterine life give rise to epithelial pearls and cysts.” 
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Blumenthal’” emphasized the observation of Brown-Kelly that 
the location of lateral nasal wall cysts is at the fusion point of the 
embryonic facial processes. 


Klestadt’s reports’ firmly established the concept of fissural 
genesis of vestibular cysts, which he termed “gesichtsspaltencysten,” 
or “facial cleft cysts.” In a consideration of all possible origins of 
seromucous cysts, his complete classification includes: 


I. Typical Forms. 

1. True vestibular cysts: located in the lateral wall of the 
vestibule at the pyriform aperture. These are definitely 
of facial cleft origin. 

2. Secondary vestibular cysts: located in the floor of the ves- 
tibule. May arise variously from: 

(a) Facial cleft inclusion rest. 
(b) Nasopalatine duct vestige. 


(c) Nasolacrimal duct vestige. 


II. Atypical Forms. 
May theoretically arise from any portion of the nasal 
mucosa and be due to: 
1. Congenital malformations of the mucous glands. 
2. Embryonal growths of floor of nose. 


3. Inflammatory retention cysts. 


Klestadt concludes that the great majority of vestibular cysts 
are of facial cleft (fissural) origin and may be included in types I, 1, 
and I, 2a. He concedes that a minority, depending on their location, 
may arise from other embryonic vestiges or from inflammation. 
These conclusions have been accepted by most of the recent authors.”! 


COMMENT. 


It is a cardinal principle that congenital malformations usually 
arise at points where fusion of embryonal layers favors inclusion of 
fetal rests. Resumption of growth later results in formations charac- 
terized by the original growth potentiality of the vestige, in this 
instance a mucous cyst arising from the anlage of a portion of upper 
respiratory tract mucosa. 


In explanation of the pathogenesis of most vestibular cysts, the 
fissural rest concept may be considered most tenable in view of the 
following facts: 
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First, the constant location of these cysts at a site of predilection 
for fetal rests, namely, the junction point of three primary facial 
processes, corresponding anatomically to the root of the nasal ala. 


Second, the histologic picture of such cysts, showing epithelium 
of the upper respiratory type, and, 


Third, the occurrence of bilateral and familial cases. 


No single name hitherto employed correlates the genesis, struc- 
ture and anatomic location of true vestibular cysts. For this reason 
the combined descriptive term of “congenital fibro-epithelial cyst” 
of the nasal vestibule is suggested. 


SUMMAR 


1. A case is reported of a congenital fibro-epithelial cyst of the 
lateral wall of the nasal vestibule. This is a true vestibular cyst. 
2. In a review of theories of genesis, the embryologic origin is 


generally accepted. 


3. Following Klestadt’s classification, a minority of vestibular 
cysts may arise from vestiges of the nasolacrimal or nasopalatine 
ducts; the origin of the majority, however, may be explained by the 
fissural genesis concept, which relates their derivation to epithelial 
rests buried by inclusion during the closure of the primary facial 
processes in embryonic development. 


Nore.—Since this paper was completed an article by Laszlo** has appeared 
reporting three cases of ‘So-called Mucoid Cysts of the Nose.’’ Case 1 has the 
usual characteristics of a vestibular cyst. However, the microscopic descriptions 
in Cases 2 and 3 mention bone formation and areas of stratified squamous epithel- 
ium. Also, cholesterol was found in the contents of these cysts. In my opinion 
these findings make it advisable to consider the latter cases with reservation. 


As to the origin, the author supports the theory that . . . “they develop 
either from the epithelial sheet of Hertwig or from misplaced enamel germs mixed 
with misplaced embryologic sinus germs . . . ;” and further . . . “all 
cystic growths of epithelial character which are located around the alveolar process 
and even in the whole maxillary process are nothing else but dentigerous cysts of 
probably follicular type and develop from the paradental epithelial cells.” 

It is conceivable that these statements may explain some cases, such as num- 
bers 2 and 3 in the author’s report. One cannot be positive regarding theories of 
embryonic malformations. However, considering the strong evidence in favor of 
the fissural genesis concept, it is difficult to accept the theory of dentigerous origin 
of vestibular cysts. 


104 SouTH MICHIGAN AVE. 
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I. INTRODUCTORY REMARKS. 
CV. 
SAMUEL J. Koprtzxy, M. D., 
New York. 


This symposium is held in an endeavor to clarify many of the 
mooted points in regard to infections of the petrosal pyramid. 


In opening the discussion, it is necessary to state the problems 
which confront us. All are agreed that among the lesions which are 
found in the petrosal portion of the temporal bone, tuberculosis and 
syphilis are pathologic entities not germane to our present discus- 
sion. Likewise, the various types and groups of labyrinthine lesions 
do not come into the range of our discussion today, except perhaps 


incidentally. 


We are concerned with the tissue reactions to bacterial invasion, 
by the streptococcus group usually and by the staphylococcus group 
occasionally, which result in lesions in the petrous portion of the 
temporal bone. These lesions give rise to symptoms that make diag- 
nosis possible. We are concerned with ‘the endocranial advance of 
these lesions, which may terminate in death from meningitis unless 
spontaneous arrest of progression occurs and healing results without 
the application of any of the special therapeutic measures devised 


specifically for the arrest of the lesion. 


Bacterial invasion of the petrosal portion of the temporal bone 
results in a lesion whose pathologic entity is determined by the char- 
acter of bone structure in which the infection locates itself. Depend- 
ent upon this, there is found either an osteomyelitis or a coalescent 
osteitis. 

These two distinct types of bone lesions have totally differing 
mechanics of evolution and different aspects on microscopic exami- 
nation. They give different clinical pictures and, by and large, occur 
in differently aged individuals. Failure to recognize these essential 
points is one of the prime factors which has brought about so much 


discussion and varying opinions among us. 


We know that osteomyelitis occurs in bone which has bone 
marrow—hematopoietic and fatty marrow—and that osteitis can 
only occur in bone which has undergone pneumatization. In our 
early discussions, therefore, it was natural enough for Gordon Wilson 
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to report on microscopic studies on young children’s bones and ques- 
tion me on the presence of pneumatization in such. Subsequent 
study has shown that we can assume pneumatization when the tra- 
beculated bone spaces are lined with a delicate membrane like that 
in other air containing spaces; and assume in its absence that in the 
process of preparation for microscopic study fatty marrow may have 
been dissolved out, leaving cavities which are artefacts, and which 
erroneously may have been regarded as evidence of pneumatization. 
The time after death at which fixation is made influences the preser- 
vation of this lining membrane—the sooner after death, the better 
the microscopic picture. But the presence or absence of some remain- 
ing bone-marrow-filled spaces is not enough to entirely clarify the 
mooted question at issue. 


It is necessary to recall another fundamental. The development 
of the labyrinthine capsule and its contents is much further advanced 
at birth than is the rest of the temporal bone, and at this time its 
visceral and cortical surfaces are separated from each other by a 
series of trabecule in whose meshes there is bone marrow. We know 
from the studies of Wittmaack how pneumatization proceeds. Nor- 
mally about the fourth year of life pneumatization is usually com- 
pleted in the mastoid process. During these early years of life pneu- 
matization also progresses in the petrosal portion of the temporal 
oone. No one has yet firmly established at what age normal pneu- 
matization becomes completed in this section of the temporal bone. 
What is known is that there is a large degree of variation in location 
and extent of pneumatization, and that a certain admixture of mar- 
row containing and pneumatized types of bone occurs in the given 
specimen. The younger the individual examined, the more true this 
becomes. Nor can this mixture of standard types do more than give 
a predilection to the form which the lesion will present in the given 
case. When a coalescent osteitis develops in a partially pneumatized 
petrosa, with small remains of marrow carrying trabeculx, the in- 
fection will either halt when it reaches the unpneumatized parts, as 
Eagleton believes, or it will invade vascular channels and give rise 
to osteomyelitis. Autopsy reports have given us ample proof of pus 
pockets in the basal parts of the pyramid adjacent to the epitym- 
panum and antrum, and at the same time sequestra formation in the 
deeper parts, anterior to the labyrinthine capsule. 


In infants and very young children, therefore, we should expect 
the absence of pneumatization and the presence of hematopoietic and 
fatty marrow in the bony trabeculez. In young adults, it is reasona- 
ble to expect a degree of pneumatization which roughly runs parallel 
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to the degree of pneumatization found in the mastoid process. There 
is a clinical means of differentiation between the two types, which we 
shall not now discuss. Since the roentgen films have been in general 
use to study bone structure in an infected temporal bone, we have 
at hand a certain means to estimate the character and the extent of 
pneumatization which the patient presents. We can, therefore, predi- 
cate both the kind and the nature of the lesion which is the basis of 
the pathologic process. Comprehended, this clarifies another moot 
question. In infants this method of diagnosis is obviously un- 
necessary. 

If one reviews the literature reporting autopsies, from 1858 to 
the present time, another finding becomes evident. Osteomyelitic 
lesions of the petrosa are more often bilateral than unilateral, and the 
presence of these lesions is more frequently noted in very young 
children and infants than among adults. 


Compact bone—the so-called sclerotic bone—does not take part 
in either of these two types of lesions. Yet, as a matter of fact, it 
is to be noted that some elements of diploic bone—the bone which 
carries bone marrow—always persist as “rests” in compact bone. 
(The term ‘“‘compact bone” is understood here as a descriptive term 
of macroscopically studied bone structure.) Under the microscope, 
diploic “rests” will usually be demonstrable; yet this type of bone 
evidences resistance to ordinary bacterial infection. I know of no 
reports of its decalcification or coalescence; nor have I seen records 
of its involvement in osteomyelitic processes. I have known of seques- 
tra formation due to trophic and nutritional disturbances. However, 
these do not concern us in this discussion. 

Finally, when considering these osteomyelitic lesions of the 
petrous portion of the temporal bone, it is well to remember that 
those who have specially studied this lesion divide it into two types: 
(A) Hematogenic and (B) otogenic. A differential diagnosis has 
been worked out by Ramadier.' 


Since we are today stressing diagnosis, let it suffice to point out 
that in the hematogenic type of osteomyelitic lesion, the general 
symptoms dominate the clinical picture, and that the tympanic and 
otomastoidal signs are relatively insignificant. It is usually bilateral. 
General and even pulmonary phenomena develop step-for-step as 
the diploe becomes progressively infiltrated, until meningitic reac- 
tions supervene and death ensues. Ramadier, Renaud’ and others who 
have studied this lesion state: “They have no tendency toward spon- 
taneous cure. Unoperated, they always advance more or less swiftly 
toward death. Fortunately this lesion is relatively rare.” 
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On the other hand, otogenic osteomyelitis develops significant 
middle ear suppuration. This lesion became established as a patho- 
logic entity in 1888 by Jaymes,’ in 1893 by Pauzat,’ Mignon’ in 
1898, Broeckaert® in 1899, G. Laurens’ in 1902, Luc® in 1905 and 
1910, and Guisez” in 1906. 


It was Luc who stressed the rdle which the venous system of 
the bones plays in the evolution of this lesion. Regression phlebitis 
spreads the intra-osseous infection, facilitates its advance and event- 
ually carries it to the endocranium (G. Laurens-Durand"’). 


The otogenic type of osteomyelitis occurs after the acute phase 
of the otitic infection has subsided. At the time of its special develop- 
ment the tympanic infection is usually subacute or verging on chron- 
icity (chronicity here being a protracted tympanic suppuration). But 
the onset of the osteomyelitic lesion is signalized by acute signs of 
sudden violent auricular and peri-auricular or hemicranial pains. 
There is noted simultaneously an increase in the intensity of the otitic 


suppuration. 


It seems strange that in all the discussions that have been held 
in our societies, with the possible exception of Eagleton, none have 
taken this lesion into account. All have written and spoken as if 
the pathologic lesion in all petrose were identical and similar; and 
the relative value of therapeutic measures, both surgical and non- 
surgical, have been considered without any attempt at a clear com- 
prehension of the underlying differing pathology. Obviously, iden- 
tical surgical therapeutics are inapplicable to differing lesions. 


I desire to pay tribute to Eagleton for his outstanding point of 
view on osteomyelitis of the petrosa. His studies were neither as 
extensive nor as ordered as the French authorities’ (see above), yet 
he realized the significance of this lesion as few of us had. 


In my own contributions,'' in collaboration with Almour, our 
first studies, published in 1930, definitely stated that we confined 
our report specifically to osteitis of the petrosal pyramid. We en- 
deavored to fix the significant characteristics of the clinical picture 
and advocated a method of surgical attack adapted to one type only 
of encapsulated coalescent osteitis. 


A large and very rich literature is in existence dealing with 
the osteitic type of bone lesion. The pathologic entity was well 
established in the early part of this century. The mechanics of its 
evolution were comprehended and the manner in which nature evac- 
uated the purulency was well known. The autopsy reports of many 
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of the cases dying with a terminal meningitis record fistulous tracts 
leading into the depths of the pyramid. 


Again, sometimes at operation a surgeon was led beyond the 
usually exposed area of the mastoid cavity to follow purulent tracts 
whose openings he had inadvertently discovered. Often these tracts 
were discovered at secondary operations for revision of the mastoid 
surgery, and the result was crowned with varying success (see 
Wesley C. Bowers, Laryngoscope, June, 1928). 


By and large, it might be said that the clinicians, not compre- 
hending the relationship of their findings to the symptomatology, nor 
understanding the sequence of events until the well known clinical 
picture of meningitis supervened, were unable to set diagnostic data 
and establish standards for surgical indications to relieve the lesion. 


To add to the confusion, a misconception ensued regarding the 
significance of the Gradenigo syndrome. Because so many patients 
came to autopsy whose terminal illness presented the syndrome and 
whose postmortem examination showed purulent involvement of the 
deepest part of the petrosal pyramid, it became the thought of the day 
that the Gradenigo syndrome was significant of a lesion at or near 
the tip. This view gained currency notwithstanding the opposition 
of authorities like Panse,'” Boonacker'* and Huizinga, Geronzi,'' Kér- 
ner,'” Alt,'® KGller,'’ Lange,'* Uffenorde'? and Vogel,”’ and in this 
country, Sears,”' Eagleton,”* Kopetzky'' and Almour."' I believe that 
rational progress in understanding the clinical manifestations which 
reveal themselves in coalescing osteitis of the petrosal portion of the 
temporal bone was unduly impeded by this persistent misunder- 


standing. 


Another fundamental requires consideration here. Unlike the 
mastoid process where pneumatization is uninterrupted and the cells 
are intercommunicating, the pneumatization of the petrosal portion 
of the temporal bone seemingly runs in tracts which irregularly and 
varyingly fuse with one another. Almost all of them merge at the 
so-called tip. In the earlier stages of an infection in these tracts, the 
lesion is more marked in one or another of them. If recognized early 
enough, the infection may be found isolated and not necessarily 
involving all of the tracts. 

It has become habitual, therefore, for those observers who know 
this to consider coalescent osteitis of the petrosa as being: 


1. Posterosuperior 


2. Posteroinferior 
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Posterointernal 

Anterior supracochlear 

Anterior subcochlear 

Anterior precochlear (pericarotid ) 
Empyema of the apex cells. 


Se ge se 


Roughly, this locates the tracts leading from the tympanic and 
epitympanic areas forward and inward around the labyrinthine cap- 
sule, toward the so-called apical termination. I am using the nomen- 
clature suggested by Almour. 


Dependent upon the time when the given lesion is recognized 
clinically, another subdivision is possible and a further differentiation 
of clinical signs is feasible to add to diagnostic acumen. One should 
designate a given lesion as (A) intrapetrous, on the one hand, and 
(B) peripetrous on the other. The intrapetrous lesion may be diag- 
nosed from evidence it presents before endocranial extension; the 
peripetrous lesion from the clinical manifestations of involvement 
of the various surrounding tissues—nerves, blood vessels and muscle 


strate. 


Finally, one more point needs presentation for discussion. Many 
cases which give symptoms denoting an involvement of the petrosal 
bone get well with no further surgery than a well performed simple 
mastoidectomy. Others, when carefully studied, show symptoms 
which lead to the discovery of a fistulous tract which is reachable 
without resort to radical mastoidectomy. When the discovered tract 
is curetted and widened to enhance drainage, these too usually re- 
cover. Then there are cases in which the tract is located at the tubo- 
tympanic orifice, which can only be reached after a radical mastoidec- 
tomy has been performed. Finally, there are the encapsulated em- 
pyemas, with their threat of intracranial invasion, which require 
specialized technics in order to be reached and evacuated. 


In determining which form of surgical therapy to apply, the 
term “conservative treatment,” as opposed to surgical attack, or 
“radical treatment,” should have no place. I am only commencing 
to comprehend the dangers inherent in the so-called “conservative 
treatment.” Any measure, regardless of its nature, which fails to 
reach and evacuate the lesion is hardly “conservative.” It should 
more correctly be designated as ‘‘futile.” 


On the other hand, radical mastoidectomy and the application 
of specialized technics are unnecessary, and must not be employed 
as “routine” measures in all types of cases. Should we not rather 
suit our therapy to the problem which the given case presents, and 
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term that form of therapy “conservative” which brings relief and 
recovery in the shortest and most direct way? Nor is it necessary to 
operate on all cases. Careful study of the factors presented, repeated 
roentgenograms and a knowledge of how the lesion progresses will 
soon give the observer that experience which is necessary to appre- 
ciate and recognize those cases which will recover without additional 
surgical attack. If such studies were made more often, reported cures 
of cases which, to say the least, are, upon critical analysis, regarded 
as “diagnostically equivocal,” would appear less frequently in the 
literature. 


With these fundamentals outlined and comprehended, the ques- 
tions before us today resolve themselves into the following: 

1. Can osteitis be differentiated clinically from osteomyelitis of 
the petrous bones? Upon what shall diagnosis depend? What rdle 
shall roentgen examinations hold in the determination of diagnostic 
factors? 

2. Is the triad of pain from the first branch of the Vidian nerve, 
continued otorrhea, or a reappearance of otorrhea after a period of 
cessation, accompanied by a low grade sepsis, common to all types of 
petrositis? If not, to what particular types does this triad of symp- 
toms apply? 

3. Do lesions in different portions of the petrous bone give char- 
acteristic symptoms of sufficient import to enable a localization of 
the site of the lesion preoperatively? 

4. Do we need a more exact nomenclature to describe the lesions 
in the petrous bone so that advocated technics may be better under- 
stood? 


§. What shall be understood by “conservative treatment”? 


6. Since it is possible to diagnose the lesion during the stage 
designated “‘intra-petrosal,” is it considered “conservative” or proper 
to institute surgical measures which attack the lesion through peri- 
petrosal areas? 

7. Since there are obviously types of petrosal involvement and 
varying localizations of the site of the lesion, are all types and all 
sites amenable to one type of therapy? Let us specify the type and 
location of the site of the lesion to which a given therapeutic measure 
is applicable. 

8. At what time in the development of the lesion does surgery 


become necessary? 
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9. What are the hearing and other end results in proven cases 
of petrosal infection when only simple mastoidectomy is performed? 


It is my hope that, in the ensuing exchange of experiences and 
viewpoints, we shall be able, in the calm of philosophic reasoning, to 
progress toward the solution of these problems. 

51 West 73RD STREET. 

REFERENCES. 


1. Ramadier, J.: L’Osteite Profonde du Rocher. Imprimerie Chateney. 1933. 
2. Renaud, Maurice: Les otites et les suppurations du rocher chez le nourisson. 
Bull. et Mem. de la Soc. medic. des hop. de Paris. October, 1921. 

3. Jaymes: Quoted by Ramadier (See above). 

4. Pauzat, J. E.: De l’osteomyelite du temporal, comme complication de lotite 
moyenne suppurée. Annals des Mal. de lor., 1893, pp. 753-814. 

5. Mignon: Complications septiques des otites moyennes suppurées. Doin, 1898. 

6. Broeckoert, J.: Caries entendu du temporal avec phlegmon diffus du cuir 
chevelu. Soc. belge d’Otol. et le Laryng., June 4, 1899. 

7. Laurens, G.: Resection cranienne pour osteomyelite de l’ecaille du temporal 
d’origine otitique. Annals des Mal. de ’Or, 1902, part 2, page 21. 

8. Luc: Suppurations de l’oreille moyenne. Paris, Bailliere, edition 1910. 

9. Guisez: De l’osteomyelite des os plats du crane consecutive aux otites et 
sinusitis suppurees. Annals des Mal. de l’Or, 1906, Part I, pages 600-633. 

10. Laurens and Durand: Cited by Ramadier. See above; also see reference 
No. 7. 

11. Kopetzky, Samuel J., and Almour, R.: The Suppuration of the Petrous 
Pyramid, etc. ANNALS OF OrtToLoGy, RHINOLOGY AND LaRyNGoLocy, Vol. 
XXXIX, No. 4, and Vol. XL, Nos. 1, 2 and 3, 1930-1931. 

12. Pause, R.: Discussion. International Centralblatt. fr. Ohrenheilkunde, Vol. 
3, page 51, 1905. 

13. Boonacker, A. A., and Huizinga: Uber Abducenslahrmung bei akuter Mit- 
telohrentzundung. Zentralb. f. Hals, Nasen, und Ohrenheilkunde, Vol. II, page 207, 
1927-1928. 

14. Geronzi: Uber die Lahmung des Abduzem Otitischen Ursprungs. Internat. 
Centralbl. fr. Ohren., Vol. 3, page 292, 1905. 

15. Korner, O.: Die Otitischen Erkrankungen des Hirns, etc. Weisbaden, 1908, 
page 74 and 161. 

16. Alt: Otitische Abducenslahmung. International Centralbl. fr. Ohrenheilk., 
Vol. 89, page 256, 1912. 

17. Kéllner: Zur Otiologie der Abduzenslahmung bes. der isolierten Lahmung. 
Dtch. Med. Woch., No. 3, page 405, 1908. 

18. Lange, W.: Zur Pathologie tiefgelegene epiduraler abscesse ohne Laby- 
rinthentzundung. Beitr. zur Anat. Physiol., Path., etc., des Ohres, etc., Vol 2, page 
162, 1909. 

19. Uffenorde, W.: Eine zu villfochen Verwickelungen fiihrende, sehr ausge- 
dehnte perilabyrinthare Eiterung in histologischen Bilde. Arch. fr. Ohren., Nasen., 
Kehlkoph., Vol. 122, page 288, 1929. 

20. Vogel, H.: Der sogenannte Gradenigosche Symptomkomplex. Int. Centralbl. 
fur Ohrenk., Vol. 18, page 293, 1920-1921, and Vol. 19, page 1, 1922. 








SUPPURATION OF THE PETROSAL PYRAMID. 1011 


21. Sears, W. H.: Otogenic Paralysis of the Abducens, with Especial Mention 


of Isolated Palsy Associated with Irritation of the Gasserian Ganglion, etc. Trans. 
American Laryn., Rhinol. and Otol. Society, Inc., N. Y., 21st annual meeting, page 
89, 1925. 

22. Eagleton, Wells P.: Localized Bulbar Cisterne (Pontile) Meningitis, Facial 
Pain and Sixth Nerve Paralysis and Their Relation to Caries of the Petrous Apex. 


Archives of Surgery, Vol. 20, page 386, 1930. 


I. NORMAL AND PATHOLOGICAL ANATOMY OF THE 
PETROUS PYRAMID.* 


CVI. 
Stacy R. Gump, PH. D., 
BALTIMORE. 


From the standpoint of descriptive gross anatomy the outstand- 
ing feature of the human petrous pyramid (pars petrosa of the 
temporal bone) is its extremely wide range of “normal” variation. 
This variation concerns not only size and external configuration but 
also the nature and arrangement of the internal structure. Its range 
of normal variation is even greater than that for the mastoid region. 
Some petrous pyramids have extensive, complete pneumatization— 
the cells may be large, small or medium sized; other petrous pyramids 
have no pneumatization beyond the limits of what are commonly 
regarded as middle ear and eustachian tube; and every possible inter- 
mediate degree of pneumatization occurs. 


The structure of nonpneumatized pyramids and of the non- 
pneumatized portions of partially pneumatized pyramids is also va- 
riable. Any region may consist of cancellous (spongy) bone with 
the spaces almost entirely occupied by hematopoietic (red) marrow 
or by an almost pure fatty marrow or by a mixture of these two 
types of marrow, or it may consist of solid, dense bone with only a 
very small amount of marrow. The petrous pyramid is frequently 
made up of a mixture of pneumatized spaces, solid bone, cancellous 
bone with red marrow and with fatty marrow; there is no regularity 
to the arrangement of these tissues with reference to each other. 


The external form of the petrous pyramid is so variable that 
there is not even agreement between the writers of anatomic and oto- 


*From the Otological Research Laboratory, Johns Hopkins University. 
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logic textbooks as to the number of surfaces, and angles between 
surfaces: by the English, American, German and French authors 
the pyramid is described as having four sides and angles about as fre- 
quently as having three sides and angles (exclusive of base and apex). 
And yet I feel certain that each author described accurately the tem- 
poral bone he was looking at when he wrote. The fact is, the petrous 
pyramid of the human temporal bone does have a very wide range 
of “normal” variation. 


In textbook accounts even the descriptive terms used to indicate 
directions differ: the anterior angle of some authors is the lateral 
angle of others, etc. The difference in the textbook descriptions is, I 
believe, responsible in large part for the confused ideas that are preva- 
lent with respect to the anatomy, the pathology and the surgery of 
the so-called ‘“‘petrous apex.” 


This leads us to the brief consideration of another principal 
source of confusion: the term “‘petrous apex.” If there ever was a 
misnomer from a descriptive standpoint, this term is one of the 
worst. Mathematically considered (that is, from the viewpoint of 
solid geometry), the pars petrosa of the temporal bone, whether it 
have three or four sides, is a truncated pyramid and does not have 
an apex, but only a smaller end. In the anatomic texts (and the 
anatomic portions of most otologic texts) the term apex applies only 
to the irregular surface of the smaller end of the pyramid. In the 
and in our daily conversation—the 





clinical and surgical literature 
term “‘petrous apex” is used in two very different senses, neither of 
which means the same as the anatomic term. Many clinicians speak 
of the apex as that portion of the petrous pyramid located antero- 
medial to the cochlear part of the otic capsule (Fig. 1). At the same 
time, from the practical standpoint of operative surgery many have 
come to think of, and to speak about, the petrous apex as that part 
which is not cleaned out during a radical mastoid operation: this 
definition of the apex includes all of the petrous pyramid antero- 
medial to the arch of the superior semicircular canal. The very dif- 
ferent areas indicated by the term “petrous apex,” almost always 
without definition by the authors using them, have added to the 
confusion. 


There is variation in the structure of the petrous pyramid, there 
is variation in the descriptive terminology, and the same terms have 
been used to designate different areas: a frank recognition of these 
facts is, I believe, the first step in clarifying the problem which is the 
topic of the symposium for today. 








SUPPURATION OF THE PETROSAL PYRAMID. 1013 





N. facial For spinestm = Peoram rotundum 
¢ Foram 
i YA) ovale 
wa mM! Fe 
4 ees 
Foram 
lacerum 
Meu 
usti 
ext 
N cochlea 
N. ve 
bular 
4 Fora 
/ jugulare 
- 
‘ 
oveipitale 
‘4, Inagbuin 


Fig. 1. A semi-schematic representation of the ear and its position in the skull 
as seen from above. (Modified from Eckert-Mdébius, in the Denker-Kahler Hdbch. 
d. H.-, N.- und Ohrenheilk., Bd. VI.) All of the temporal bone sections illus- 
trated in this account were cut approximately parallel to the plane indicated by the 
line marked “‘vertikale Schnittrichtung.” Figs. 3 to 15 are from sections through 
the region of the horizontal part of the carotid artery; Figs. 16 to 18 are from 
sections through the ascending part of the carotid artery and the anteromedial 
part of the basal turn of the cochlea; and Figs. 19 and 20 are from sections through 
the perilabyrinthine region. Except for Figs. 3 and 16 all sections are from the 


temporal bones of adult individuals. 


I shall not attempt to say who is right and who is wrong, or 
which term is the better or which term is misleading. Any term may 
be used without causing confusion so long as everyone understands 


what is meant by the term. 


With the exception of the otic capsule and its contents there is 
no bone or bone marrow, epithelial, fibrous or other tissue in the 
petrous portion of the temporal bone that is peculiar to this region 
of the body. It will suffice, therefore, to give but a very brief descrip- 
tion of each major structural element. 

The framework of the petrous pyramid, exclusive of the otic 
capsule, usually consists of so-called cancellous (or spongy) bone 
with a cortical or surfacing layer of varying thickness. This cancel- 
lous bone has irregular trabecule and septa which form the boun- 
daries of irregularly shaped spaces, just as in other parts of the body 


where cancellous bone is normally present. 
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The irregular spaces in the cancellous bone of the petrous pyra- 
mid are filled with one or the other of four things: hematopoietic 
(red) marrow, fatty marrow, a mixture of red and fatty marrow, 


or air-containing cavities. 


Histologically, the marrows in these spaces are indistinguishable 
from the corresponding types of marrow in other bones of the body. 
This is true whether the marrow be present in large or in small 


amounts. 


The walls of the air containing cavities of the petrous pyramid 
are indistinguishable histologically from those of the mastoid region. 
In both regions the pneumatic cells (or pneumatized spaces), when 
present and normal, have a very thin mucosal lining (or mucoperios- 
teum) that consists of a scantily vascularized fibrous layer covered 
by a simple squamous epithelium (i. e., a single layer of flattened 
cells). See Fig. 2. Also, in both the mastoid process and the petrous 
pyramid, when there is only a partial pneumatization, this thin mu- 
cosa sometimes rests directly upon marrow-containing spaces, though 
usually a thin layer of bone separates air-containing spaces from 


marrow. 


The small regional vessels of the bone also supply and drain the 
marrow and the mucosa of the pneumatic cells. Nothing is known 
about the lymphatics of this region. Definite secretory or sensory 
nerves to the mucosa of the pneumatized spaces have never been dem- 
onstrated for either pyramidal or mastoid regions; vasomotor nerves 
have been described accompanying the blood vessels. 


The inner ear—membranous labyrinth, otic capsule, etc.—is of 
course the central structure of the entire petromastoid portion of the 
temporal bone: this is the structure around which all of the other 
parts are developed. Since it is the central or “core” structure, and 
is at the same time the least variable, a descriptive terminology based 
upon relations to the otic capsule is more logical than any other, and 
less apt to be misunderstood. The term “perilabyrinthine”’ designates 
a region in a manner that cannot be misunderstood. Certainly the 
term is neither confusing nor ambiguous. Dr. Marvin F. Jones re- 
cently suggested to me the term “anfelabyrinthine” for that portion 
of the petrous pyramid anteromedial to the cochlear capsule. This 
term also is not ambiguous. Since the long axis of the petrous pyra- 
mid makes an angle of about 45 degrees with the sagittal plane of the 
head (Fig. 1), the term “mediolabyrinthine” is also possible. My 
choice of “antelabyrinthine” is mostly an arbitrary one—the word is 
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Fig. 2. From the same section as Fig. 3. This magnification shows that the 
characteristic appearance of the lining membrane of the normal pneumatized spaces 


of the petrous pyramid is the same as in normal mastoid cells. 


easier to say. The region designated by the term “antelabyrinthine” 
might also be described as the anteromedial portion of the perilaby- 
rinthine region. 


The region indicated by the term “antelabyrinthine portion of 
the petrous pyramid” corresponds to one of the clinical usages of the 
term “petrous apex,” and the combination of “‘perilabyrinthine” and 
“antelabyrinthine” portions corresponds to the other clinical usage 


of the term “petrous apex.” 


I might interpolate here that, on the same basis, the mastoid 
region of the temporal bone could be termed the “post-labyrinthine” 
part of the petro-mastoid complex. And from the standpoint of clear 
thinking with respect to the anatomy, histology, pathology and sur- 
gery of the temporal bone this terminology might be of assistance. 


The regions of the human temporal bone first pneumatized are 
the eustachian tube, the middle ear and the mastoid antrum. Devel- 
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opmentally each is an extension of the other, in the order named. 
Pneumatization of the mastoid process takes place by extensions from 
the mastoid antrum, and the cells of the mastoid region are common- 
ly designated according to their location with reference to other 
structures: thus, jugular cells, tip cells, zygomatic cells, sinus cells, 
etc. These terms are clearly descriptive and cause no confusion. 


While pneumatization of the mastoid region is always by an 
extension of cells from but one of the primary areas (with the occa- 
sional exception of cells along the jugular region from the hypo- 
tympanic part of the middle ear), pneumatization of the perilaby- 
rinthine and antelabyrinthine portions of the petrous pyramid may 
and does occur by the extension of cells from all three of the primary 
areas; and indeed, from two regions of the middle ear, from any part 
of the osseous portion of the eustachian tube, and from any part of 
the mastoid antrum that is near the otic capsule. 


On the basis of their developmental origin (and this is very 
important surgically) the pneumatic cells that may be present in the 
perilabyrinthine and antelabyrinthine regions of the petrous pyra- 
mid are logically subdivided into four major groups and designated 
as “tubal,” “hypotympanic,” “epitympanic” and “antral.” 


From each of these four regions the pneumatized cellular exten- 
sions may, and sometimes do, extend into any region of the so-called 
“petrous apex”; and further, the extensions may be by several routes 
from each place of origin. Accordingly the location of a pneumatic 
cell with reference to some near by landmark is not an infallible 
indication of the place of origin of the cell (and therefore its place 
of natural drainage in case of infection). I have even seen cells in 
the region between the carotid canal and the eustachian tube which, 
when traced through serial sections, were found to have come from 
the mastoid antrum along the superior angle, over the internal meatus 
and then beneath the carotid canal. And in the reverse direction I 
have followed cells of tubal origin above the cochlea and the internal 
meatus, also forward into the extreme tip of the petrous pyramid. 


Therefore it is logical to designate the pneumatic cells of the 
petrous pyramid, whether peri- or ante-labyrinthine, by names that 
are descriptive of their location. When and if the origin of any given 
cell in an individual case is determined, this information can be added 
to the designation of location by a phrase. Thus: supracarotid cell 
from antrum, supracarotid cell from tube, infracochlear cell from 
hypotympanum, superior-angle cell from epitympanum, supra- 
meatal cell from antrum, infratubal cell from hypotympanum, 
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carotico-tubal cell from tube, etc. A complete list of all the cells 
that sometimes occur would amount to a list of the names of all 
structures in the region of the petrous pyramid, with prefixes indi- 
cating directions. Any name for a cell is good that calls up a definite 
mental image of its location. 


More important than names is to have clearly in mind that pneu- 
matic cells in the corresponding regions of different petrous pyramids 
may orginate from regions as far apart as mastoid antrum and eusta- 
chian tube. From the clinical viewpoint it is also very important to 
have clearly in mind that even cells in the same location and from 
the same origin differ widely not only in the size of their terminal 
expansions but also in the size of the connections that lead back to 
their point of origin. For instance, one supracarotid cell may be small 
and separated from the contents of the carotid canal by a thin lamina 
of bone, but separated from the dura mater of the middle cranial 
fossa by marrow-containing cancellous bone and by a thick layer 
of cortical bone; while another supracarotid cell may be several milli- 
meters in diameter and separated from both the carotid canal contents 
and from the dura by thin laminx of bone (Fig. 14). And either 
the large or the small cell may have a wide channel all the way to its 
place of origin, or the communicating channel from either cell may 
have a constricted portion. So long as infection does not occur these 
variations are of academic interest only, and I will not cite further 
examples or attempt to give details of dimensions or of connecting 
routes for the several regions. The number of variations is enormous: 
as yet I have not seen exact duplicates among the temporal bones 


examined. 


In nonpneumatized pyramids there are also variations in the 
supracarotid and in other regions. Thus there may be either small 
or large marrow-containing spaces above the carotid canal, or there 
may be no marrow above the horizontal part of the carotid canal, 
the upper wall of which then becomes an integral part of the cor- 
tical bone of the floor of the middle cranial fossa (Fig. 9). Also, the 
distance between the ascending part of the carotid canal and the an- 
terior part of the cochlear capsule is exceedingly variable, depending 
upon the presence or absence of pneumatic cells or of marrow in this 
particular location (Figs. 16, 17, 18). Wide variations also exist in 
the distance between the carotid canal and the bony part of the 
eustachian tube: extremes are illustrated in Figs. 3 and 10. The 
carotid canal has been selected for these illustrative examples of va- 
riations in relations because it is the largest structure in the antelaby- 
rinthine region of the pyramid. 
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Excellent examples of variations in pneumatization of the pet- 
rous pyramid were published by Bezold' in 1882 and by Siebenmann* 
in 1897. Their illustrations of preparations made by filling all cavities 
with melted wax or with Wood’s metal and then corroding away the 
soft tissues and the bone, are still the best in the literature. It is my 
opinion that were these works better known much of the present 
confusion with respect to the anatomy of the petrous pyramid would 


never have arisen. 


A large number of functionally important structures either pass 
through or are in contact with one part or another of the petrous 
pyramid: the list of names is very long as compared to a similar list 
for the mastoid region. Description of these relations has been left 
to the end of this account in order to be able to make the considera- 
tion of them more than just a dry recital of descriptive anatomic 


terms. 


Even before Gradenigo published the account of the syndrome 
that bears his name clinicians diagnosed pathologic states of the 
petrous pyramid by observing the symptoms produced by involve- 
ment of neighboring structures. But, before proceeding further, 
please permit me to say, as an anatomist who is reasonably conversant 
with otologic literature and clinical problems, that I do not believe 
anyone has yet, in making a diagnostic study, taken full advantage 
of all of the anatomic relations of the petrous pyramid. By a com- 
plete appraisal of all positive and all negative clinical observations 
that can be made, it should be possible to localize the pathologic area. 
In essence the diagnostic procedure required would be very similar 
to that used in localizing lesions of the central nervous system: What 
functions are disturbed; what functions are not disturbed; what are 
the pathways concerned with these functions and in what regions 
do all of the affected pathways pass near enough to each other to be 
involved by a common lesion, etc.? The use of an exactly analogous 
method of systematic examination and reasoning, based on a thorough 
knowledge of the anatomy and function of the parts concerned, 
should yield equally valuable information with respect to the location 
of pathologic processes in the petrous pyramid. 


From this viewpoint of applied anatomy, therefore, the struc- 
tures that are in relation to the petrous pyramid will be considered. 
And because it is impossible in a talk to demonstrate clearly the 


1. Bezold, F.: Die Corrosions-Anatomie des Ohres. Miinchen., 1882. 
2. Siebenmann, F.: Mittelohr und Labyrinth. In the von Bardeleben Hdbch. 


a. 


d. Anat. d. Menschen., Bd. 5, Abt. 2. Jena, 1897. 
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exact relations, and since good descriptions can be found in textbooks 
and studied at leisure, the accounts of most of the relations will be 
limited to very brief statements. 


The petrous pyramid, besides being continuous with (or articu- 
lating with) the other parts of the temporal bone (mastoid, squamous 
and tympanic), also articulates with the body of the occipital bone 
and with the posterior angle of the greater wing of the sphenoid bone, 
and is separated from the body of the sphenoid by the contents of 
the foramen lacerum. These relations are well shown in anatomic 
texts, so we need not dwell upon them now, even though the facts 


are important. 


More than half of the total surface of the petrous pyramid is 
covered by dura mater; this is about evenly divided between that of 
the middle and that of the posterior cranial fossa. The other layers 
of the meninges, the cerebrospinal fluid and certain parts of the brain 
and brain-stem are of course in close relation to the petrous pyramid, 
and the tentorium cerebelli is attached to its superior angle. 


The relations of the petrous pyramid to the middle ear cavity 
have already been considered, so far as they are of importance for 
this symposium. 

Inferiorly the petrous pyramid has certain relations of possible 
clinical importance. In the first place, it is very near to the lateral 
part of the vault of the nasopharynx. The relationship makes it rea- 
sonable to suppose that inflammatory reactions in this part of the 
pyramid might produce local reactions in the vault of the pharynx: 
so far as I know the nasopharynx is not routinely examined from 
this viewpoint in patients with infections of the petrous pyramid. 
Secondly, the tensor veli palatini and the levator palatini muscles 
take origin in part from the under surface of the pyramid near the 
tip (Figs. 11, 15). So far as | am aware no one has noted symptoms 
produced by irritation of these muscles. 

The trunks, or the roots, of seven cranial nerves, fifth to 
eleventh, inclusive, are in close relation to one or another part of the 
petrous pyramid. 

The roots of the trigeminal nerve cross the superior angle a few 
millimeters from the tip and lie in a shallow groove near the end of 
the anterosuperior surface of the pyramid; they are separated from 
the surface of the bone only by the periosteal layer of the dura mater. 

The abducens nerve, in its intradural canal, is in contact with 
the last few millimeters of the end of the posteromedial surface of 








1020 SUPPURATION OF THE PETROSAL PYRAMID. 


the pyramid and, just before entering the cavernous sinus, crosses 
over the extreme tip of the superior angle. 


The symptoms produced by involvement of these two nerves, 
the fifth and the sixth, are the ones best known: a pathologic process 
must be near the tip of the pyramid in order to affect either of them. 

The facial nerve, besides having contacts with the walls of the 
internal meatus, is also in close relation with the perilabyrinthine part 
of the pyramid at the region near the geniculate ganglion (Fig. 19). 

The several branches of the eighth nerve enter and have their 
terminations within the otic capsule. 

The glossopharyngeal, vagus and spinal accessory nerves pass 
through the dura of the anterior part of the jugular foramen. The 
glossopharyngeal nerve is here in just as close contact with this part 
of the postero-inferior angle of the petrous pyramid as are the fifth 
or sixth nerves at the tip; and the vagus and spinal accessory nerves 
are very near by and also in a constricted channel. An area of inflam- 
matory change limited to this region of the petrous pyramid should 
cause symptoms primarily of the pharynx, soft palate and larynx— 
there would not be involvement of trigeminal or abducens nerves. 
A goss anatomic preparation in our collection has an anatomic ar- 
rangement well suited to produce this hypothetical clinical picture. 
In an otherwise nonpneumatized petrous pyramid there is a small 
pneumatic cell in that part of the bone near the glossopharyngeal 
and vagus nerves. By careful probing it can be determined that this 
cell is an extension from the hypotympanum, also that the cell has 
a very constricted “neck.” In case of infection, with occlusion of 
its natural drainage route, the logical symptoms expected would have 
been those associated with disturbed functioning of the near by 
nerves. And if these symptoms were recognized as possibly due to 
such a lesion, localization should be easy. The location of this cell is 
such that the chances of its discovery by x-ray examination would 
be very slight. Yet the danger of meningitis from an abscess forma- 
tion in this region would be as great as from one near the tip of the 
pyramid. In a patient with glossopharyngeal neuralgia and a history 
of otitis media, an infected cell in this region of the pyramid may 
be the etiologic factor. 

Besides the main stems of seven cranial nerves there are also 
branches of certain of these nerves and of the sympathetic nervous 
system that are in close relation to the petrous pyramid. 

The greater superficial petrosal nerve, a branch of the facial 
nerve (or rather, of the so-called nervus intermedius portion of the 
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facial nerve), is embedded in dura in a groove that passes along the 
entire length of the anterosuperior surface of the pyramid from the 
hiatus fallopii to the lateral side of the foramen lacerum. Vail has 
called attention, in a paper presented before this Society three years 
ago, to one symptom that may be due to irritation of this nerve: 
retrobulbar pain. The greater superficial petrosal nerve is one of the 
large contributors to the sphenopalatine ganglion (via the vidian 
nerve of the pterygoid canal) and its fibers are concerned with the 
innervation of all of the large area supplied by that ganglion; there- 
fore an involvement of the greater superficial petrosal nerve should 
give rise to more manifestations than are yet recognized clinically, 
such as secretory and vasomotor disorders of the nasal mucous mem- 


brane. 


The lesser superficial petrosal nerve, a continuation of the ramus 
tympanicus of the glossopharyngeal nerve (nerve of Jacobson), re- 
ceives a communicating branch from the geniculate ganglion region 
of the facial nerve, and in its course passes through the superolateral 
part of the perilabyrinthine and out along the surface of the ante- 
labyrinthine part of the petrous pyramid, where it occupies a groove 
parallel to and two or three millimeters anterolateral to that for the 
greater superficial petrosal nerve. By way of the otic ganglion, the 
lesser superficial petrosal nerve supplies the parotid gland with secre- 
tory fibers (being the so-called cranial part of the sympathetic system 
for this gland—autonomic or parasympathetic of different terminolo- 
gies). So far as I am aware, no one has ever sought for unilateral 
disturbances of parotid gland function in patients with infections of 
the petrous pyramid. 


The chorda tympani branch of the facial nerve, after passing 
across the middle ear cavity, is in contact with the lateral part of the 
petrous pyramid as it passes through the Glaserian fissure (petro- 
tympanic suture). 


The carotid nerve (or internal carotid sympathetic plexus), 
which passes through the antelabyrinthine part of the petrous pyra- 
mid in the carotid canal, is the direct continuation upwards of the 
cervical sympathetic trunk. Many of the structures of the head re- 
ceive the thoracicolumbar portion of their sympathetic innervation 
by this route. Among other things, one branch of the carotid plexus, 
the great deep petrosal nerve, is distributed with the branches of 
the sphenopalatine ganglion. Attention has already been called to the 
region supplied by this ganglion as offering diagnostic possibilities 
that have been neglected. The innervation of the dilator muscle fibers 
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of the pupil is also by nerve fibers that course in the carotid sympa- 
thetic plexus. I know of no observations on the relative size of the 
two pupils in patients with lesions of the petrous pyramid. 


Most of the dura mater over the petrous pyramid is supplied 
with sensory fibers from the meningeal branch of the ophthalmic 
division of the trigeminal nerve known as the ramus tentorii; fila- 
ments diverge to each surface of the pyramid from near the attach- 
ment of the tentorium cerebelli. The dura mater near the jugular 
foramen is supplied by the meningeal branch of the vagus nerve. 


To complete the list of nerves in relation to the petrous pyramid, 
mention should also be made of the nerve to the tensor tympani 
muscle (which is itself in the superolateral part of the pyramid), the 
nerve from the pharyngeal plexus to the walls of the eustachian tube 
(sensory and secretory fibers) and the small communicating branches 
from the carotid plexus to the nerve of Jacobson. 


The blood vessels in relation to the petrous pyramid, besides 
supplying or draining its tissues, are of importance as affording poten- 
tial routes for the spread of infectious processes. 


The relations of the carotid artery need no further description 
than has already been given. The communications of the space 
around this artery, both cranialward and cervicalward, are well 
known. The venous plexus around the carotid artery communicates 
freely with the cavernous sinus, which lies just anterior to the tip 
of the petrous pyramid. The cavernous sinus also communicates 
freely with the superior and the inferior petrosal sinuses, which in 
turn communicate with the transverse sinus and the jugular bulb, 
respectively. The relations of these venous channels are well known. 


From the standpoint of our symposium today, the most impor- 
tant thing about all of these venous channels is that they receive small 
vessels from the parts of the petrous pyramid near them—i. e., the 
blood from the petrous pyramid is not assembled into one channel 
before leaving the confines of the bone. 


The eustachian tube passes through the anterolateral part of the 
petrous pyramid; its relations to other structures are somewhat varia- 
ble, as has already been pointed out. As one of the four regions from 
which pneumatic cells frequently extend out into the pyramid it is 
especially important in all considerations of the region. 


The attempt has been made to present this topic, the anatomy 
and histology of the petrous pyramid, from a rather different view- 
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point than is usually taken. I shall not attempt to summarize the 
facts and suggestions presented. In closing, I only wish to emphasize 
again (1) that all of the structural elements in the petrous pyramid 
—in both peri- and ante-labyrinthine portions—are the same as occur 
elsewhere in the body; (2) that there is an extremely wide range of 
variation in the arrangements of these structural elements with re- 
spect to each other and to the structures which pass through or near 
the petrous pyramid, and (3) that a thorough knowledge of the 
variations in the detailed anatomy of the region is essential from the 
standpoints of pathology, of clinical diagnosis and of surgery. 
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Fig. 3. Extensive pneumatization of the antelabyrinthine part of the petrous 
pyramid of a 16-year-old boy. Study of the serial sections of this ear shows that 
the cell in the superior angle, which in the single section appears to be isolated, is in 
reality continuous with the main pneumatized cavity. In spite of the otherwise 
extensive pneumatization of this petrous pyramid, note that there are no pneu- 
matic cells lateral to or above the eustachian tube and the tensor tympani muscle 


(cf. this region in Fig. 5). 


Fig. 4. The spaces of the cancellous bone of the nonpneumatized petrous pyra- 
F i P) 
mid of this 51-year-old man are filled with marrow which is predominately of the 


hematopoietic type. 


Fig. 5. In this otherwise extensively pneumatized petrous pyramid there are 
areas of fatty and of red marrow in the spaces of the cancellous bone medial to the 
horizontal part of the carotid canal. Note the pneumatized cells lateral to and 
above the eustachian tube and the tensor tympani muscle. The distance between 
the carotid artery and the middle meningeal artery (seen in the upper left-hand 
corner of the picture) is in this section more than twice that in the section illus 


trated in Fig. 10. 
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Fig. 6. The spaces of the bone near the superior angle of this partially pneu- 
matized petrous pyramid contain fatty and mixed marrow, and there are thick- 
walled pneumatized spaces in the region occupied by marrow in the preceding 
figure. The lining membrane of the large cell below the eustachian tube is in con- 
tact, over a small area, with the sutural ligament of the temporosphenoidal articu- 


lation. The greater wing of the sphenoid bone is marrow-containing. 


Fig. 7. There is a dehiscence of the bony wall of the carotid canal. In case 
of an infection of the adjacent caroticotubal pneumatic cell an early involvement 


of the contents of the carotid canal would have been probable. 


Fig. 8. Another example of a dehiscence in the bony wall of the carotid canal. 
The region of the bony defect is in this case in contact with the connection of a 
small infratubal cell to the eustachian tube, which is very close to the carotid canal 
in spite of a fair degree of pneumatization of this petrous pyramid. The patient 
had, at the time of death from poeumonia, an early stage of acute purulent otitis 


media and beginning involvement of the pneumatic cells of the pyramid. 
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Fig. 9. Most of the marrow in this entirely nonpneumatized petrous pyramid 
is of the fatty type (cf. Fig. 4). Comparisons of the bony framework of the 
region medial to the carotid canal in this figure with those seen in Figs. 4, 10 and 
11 demonstrate one cause of variations in appearance of the roentgenograms of 


normal nonpneumatized petrous pyramids. 


Fig. 10. The major tissue medial to the carotid canal in this petrous pyramid 
is bone, the small spaces in which contain fatty marrow. The large spaces inferiorly 
and the small spaces near the superior angle contain a mixture of red and fatty 
marrow. The connection of the proximal part of a small supracarotid cell to the 
eustachian is seen in this section. In the upper right-hand corner of the picture 


is the middle meningeal artery (cf. Fig. 5). 


Fig. 11. In the medial part of this partially pneumatized petrous pyramid the 
marrow spaces are of the very large type (cf. Figs. 4, 9 and 10). The greater 
superficial petrosal nerve, coursing in the form of five small bundles of fibers, is in 
the dura mater over the uppermost of the chain of three supracarotid pneumatic 
cells. The lesser superficial petrosal nerve is, in this section, in the small bony canal 
between the more medial two of the chain of small pneumatic cells above the 
tensor tympani muscle. The levator palatini muscle is attached to the surface of 


the pyramid near the lowermost of the infratubal cells. 
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Fig. 12. In this partially pneumatized petrous pyramid there are red-marrow- 
containing spaces in the bone above the chain of pneumatic cells which extends 


from the eustachian tube over the carotid canal and out into the superior angle. 


Fig. 13. In this partially pneumatized petrous pyramid a large cell extends 
from the tubal region beneath the carotid canal and into the posteroinferior angle: 
there is no pneumatization of the red-marrow-containing bone near the superior 
angle. Infections of the pneumatized cells shown in this and in the preceding figure 


should give rise to different groups of symptoms. 


Fig. 14. This partially pneumatized petrous pyramid has cells in both of the 
regions that are pneumatized in the pyramids illustrated in Figs. 12 and 13, and a 
region of marrow-containing bone between the more medial parts of the superior 


and inferior cells. 
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Fig. 15. The serial sections show that the pneumatized space near the superior 
angle of this pyramid is a cellular extension from the epitympanum (not from the 
mastoid antrum) forward over the internal auditory meatus; also that it is not 
connected to the chain of carotico-tubal and supracarotid cells, which are in this 


case of tubal origin. When the pneumatic cells of the pyramid have different 


origins an operative procedure that successfully drains one group may fail entirely 


to afford drainage to the other infected cells. Note the fat-marrow-containing 


space between the pneumatic cells above the carotid canal. 
F I 


Fig. 16. This section, through the ascending portion of the carotid artery, is 
from tne same series as is Fig. 3. Even in extensively pneumatized petrous pyramids 


the carotid artery is frequently in contact with the cochlear part of the otic capsule. 


Fig. 17. The relation of the carotid artery to the cochlear capsule is similar to 
that illustrated in the preceding figure, but there is a great difference in the extent 


of the pericochlear pneumatization in the two pyramids. This section is from the 


same series as is Fig. 6. 
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Fig. 18. In this petrous pyramid the carotid artery and the cochlear capsule 


1s 


are separated by pneumatic cells and marrow-containing spaces. This section 


from the same series as is Fig. 11. Note that the sections illustrated in Figs. 16, 17 


and 18 are all through the same part of the basal turn of the cochlea. 


Fig. 19. This petrous pyramid has fairly extensive, but not complete, pneu- 
matization of the pericochlear region: there are small areas of fatty and of red mar- 
row inferiorly. Note the relationship of the geniculate ganglion (just above the 


middle and apical turns of the cochlea) to the pneumatized spaces. 


Fig. 20. This section, through the oval and round windows and just in front 
of the arch of the superior semicircular canal, shows an extensive degree of pneu- 
matization of the perilabyrinthine region of the petrous pyramid. The bone of 
this region may, like that of the antelabyrinthine part of the pyramid, have mar- 
row-containing spaces, a mixture of air- and of marrow-containing spaces, or it 


may consist entirely of solid, dense bone. 
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MarvIN F. Jones, M. D.,* 


New York. 


The pathology of the pneumatized pars petrosa of the os tem- 
porale presents a few controversial phases. Although disease causes 
tissue changes in the petrous pyramid which are comparable to the 
tissue changes in bony structures elsewhere in the body, yet certain 
features of petrositis resemble no universally recognized pattern. 
Various theories have been advanced by which to explain unusual 
tissue arrangements, and many of these theories have been accepted 
as facts without sufficient corroborative evidence. Recognizing that 
knowledge of the whole subject of petrositis is in the phase of devel- 
opment, our president has suggested that remarks be limited to per- 
sonal observations and experience. Reference to former work will 
therefore be omitted. 


More thorough study of the anatomy and pathology of the 
petrous pyramid should tend to clarify the problems presented by 
patients with purulent otitis and its complications. Persistent aural 
discharge accompanied by fever, headache, vertigo, nausea, vomiting, 
impaired hearing, neuralgia, paralyses, or other symptoms indicating 
an extension of infection beyond the confines of the petrous cells, 
creates a puzzling situation. 


Dr. Guild has demonstrated the proof of his assertion relative 
to the analogy between the anatomy of the pars petrosa and the pars 
mastoidea. Accepting his deductions, it follows as a logical assump- 
tion that when the same invading organism involves the anatomic 
structures he describes, the same pathologic changes will result. The 
specimens which I have examined (from the collection at the otologic 
laboratory at Johns Hopkins; Dr. E. P. Fowler, Jr.’s, laboratory at 
Columbia; Dr. Friesner’s laboratory at Mt. Sinai, and those prepared 
by Dr. Hemsath from my own laboratory at the New York Post- 
Graduate Medical School) show some proof of this assumption. 
Those I wish to present are from the collections at Johns Hopkins 
and Columbia. They exhibit similar pathologic changes in both the 
pueumatized petrous and the mastoid portions of the temporal bone. 

*Punds allotted the author by the Central Bureau of Research of the Ameri- 
can Otological Society aided in the preparation of this work. 


Photomicrographs by Dr. Frederick A. Hemsath. 
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Dr. Guild has mentioned the difhculties he has encountered with 
anatomic nomenclature. I have encountered the same difficulties in 
pathology. To avoid confusion, the nomenclature in common use 
by otologists will be adopted rather than the more scientifically 
exact, but to most of us, the less comprehensive nomenclature of the 


pathologist. 


The incidence of pathologic conditions in the pneumatized pet- 
rous pyramid has little statistical significance without accurate infor- 
mation regarding the incidence of partial pneumatization. While 
complete pneumatization is undoubtedly a very rare occurrence, par- 
tial pneumatization is not uncommon. Microscopic examination of 
hundreds of temporal bones is essential before accurate percentage 
tables can be compiled. My earlier impression was that pneumatiza- 
tion occurs in about one-third of all cases. I recently examined the 
sixteen adult temporal bones of my collection without finding a 
pneumatic cell in the antelabyrinthine region of any specimen. Vari- 
ous percentages have been proposed based on gross examination or the 
roentgenogram. Microscopic examinations prove these estimates to 
be inaccurate. Only a small percentage of temporal bones have a 
pneumatized petrous pyramid, and only a small percentage of indi- 
viduals with a pneumatized petrous pyramid develop petrositis; of 
these, only an occasional one dies. The temporal bones are obtained 
at autopsy from only a small proportion of those who die. It is the 
difficulty in collecting sufficient material for study, therefore, that 
has retarded the advance of accurate knowledge of the pathologic 


changes in petrositis. 
§ 


Nearly all patients with middle ear infection have an accom- 
panying inflammation in the mastoid. The pneumatic cells in the 
petrous pyramid bear the same or perhaps a more intimate relation 
to the middle ear cavity than do the mastoid cells, therefore it is 
reasonable to assume that when the middle ear becomes infected the 
contiguous petrous cells are also coincidentally involved. Many cases 
of petrositis probably resolve following the simple operation of 
myringotomy. By the same reasoning, in patients with a mastoid 
infection and with cells extending into the petrous pyramid which 
are structurally similar to and continuous with those of the mastoid 
region, a petrositis is of necessity an accompanying feature. Ob- 
viously, an adequate simple mastoidectomy must, in most cases, effect 
a resolution of the petrous involvement. It is evident that the pneu- 
matized petrous must be frequently involved, and just as evident 
that the involvement usually subsides following adequate surgical 


drainage of the mastoid. 
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Fig. 1. Case 1.—A vertical section cut through the antelabyrinthine region. 
This picture shows a pneumatization of the superior cells with one large cell ex- 
tending along the petrous ridge. The two laterally placed superior cells show a 
resolved inflammatory process with consequent fibrous organization. The third lat- 
erally placed cell has been involved to a lesser degree, which process continues to 
diminish as the peritubal cells are approached. The supposition is that the original 
infection traveled by way of the peritubal cells into the superior antelabyrinthine 


cells where a prolonged resolution occurred. 


Chronic infections follow the same general routes as acute in- 
volvement. We have in addition the artificial pathways formed by 
bone destruction. This destruction may involve bony trabeculz, caus- 
ing coalescence of pneumatic cells, or may break the confines of the 
pneumatized spaces and invade the bone marrow. Radical mastoid 
surgery usually effects drainage sufficient to cure the chronic cases. 
The type of case I have considered most dangerous is one with an 
acute infection superimposed upon a chronic or prolonged process. 
Here we encounter a number of factors which combine to permit 
the entrance of a new organism into a previously formed cavity, and 
at the same time obstruct free drainage for the newly formed pus. 
The original pathway may be obstructed by swelling of the lining 
membrane, bony and epithelial detritus, fibrous tissue bands or 
adhesions, and sometimes the consistency of the discharge itself 
impedes drainage. 

The histologic sections reproduced contain evidence to support 
the above statements. 
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Fig. 2. Case 1.—A higher power showing the extension of an old infection 
into the marrow spaces, which process would institute an osteomyelitis in addition 


to the petrous empyema. 





Fig. 3. Case 1.—A Cetailed p’cture demon trating the crganized fibrous tissue 
| 


lining a cell with its extension toward the marrow cells. 
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Fig. 4. Case 1.—A vertical section at the area of the oval window through the 
middle ear and tympanic membrane. The structures are normal. The subarcuate 
cells are shown in this picture, as are also the epitympanic cells which join the 
superior group and the peritubal cells shown in Fig. 1. An illustration of a case 


with spontaneous resolution. Death was caused by extra-aural pathology. 








Fig. 5. Case 2.—A vertical section at the area of the perpendicular portion of 
the facial nerve. A cholesteatoma is shown with the squamous epithelium lining 
the cavity. A group of diseased cells is shown below the cavity which are lined 
with a modified flat cuboidal epithelium. Judging from the appearance of the area 
surrounding the cholesteatomatous cavity, it seems plausible that these groups of 
epithelial lined cells might coalesce forming an extension of the original cavity. 
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Fig. 6. Case 2.—A detailed picture of the cell group described under 
Fig. 5, Case 2. 








Fig. 7. Case 2.—Peritubal cells in the anterior portion of the perilabyrinthine 
region showing the same pathology as those cells in Fig. 5 and Fig. 6, which are 
in the postlabyrinthine or mastoid region. 








1042 SUPPURATION OF THE PETROSAL PYRAMID. 





Fig. 8. Case 3.—-Vertical section of the perilabyrinthine region, showing a severe 
middle car involvement with pus in the epitympanic and hypotympanic cells. The process 
diminishes in severity as it progresses around the labyrinth and forward into the petrous 
pyramid. The subarcuate cells also show pathology which extends forwards. One large 
pneumatic labyrinthine cell is seen to be filled with pus, and is obviously a continuation 
of a chain leading to the middle ear cavity. The eminentia arcuata is a cellular formation 
and gives little information regarding the position of the underlying superior semicircu- 
lar canal. Procedure based on measurement of the petrous pyramid from this landmark 
might therefore be erroneous. 





Fig. 9. Case 3.—A detailed picture of the junction between the epitympanic and 
perilabyrinthine cells showing a gradual diminution of the inflammatory exudate and the 
thickness of the lining membrane as the distance from the original process increases. 
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Fig. 10. Case 3.—Vertical section in the antelabyrinthine region showing 
exudate in the superior petrous cells extending mesially to the petrous ridge. This 
picture also shows a dural extension into the crevice on the superior surface of the 
petrous pyramid. It is especially interesting to those who elevate the dura from the 
floor of the middle fossa in order to gain access to the antelabyrinthine petrous 
cells. In addition, it is obvious what would happen if the thin, bony layer were 
destreyed by a progressive infection, 





Fig. 11. Case 3.—A detailed picture from Fig. 10, Case 3, showing a 
peritubal cell filled with pus. 
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Fig 12. Case 3.—A vertical section cut at the level of the perpendicular por- 
tion of the facial nerve in the postlabyrinthine or mastoid region. This shows a 
severe purulent destructive involvement with the gradual diminution of the severity 
beyond the area of active destruction. 





Fig. 13. Case 4.—Vertical section in postlabyrinthine region demonstrating 
fibrous granulation tissue with organization. Spaces which were probably occupied 


by cholesterin crystals are present. 
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Fig. 14. Case 5.—High magnification showing pathology similar to that in 
Fig. 13. This section is from the antelabyrinthine region of the petrous pyramid. 





Fig. 15. Case 6.—A section through the eustachian tube showing infected 


peritubal cells. 
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Fig. 16. Case 7.—In this picture the peritubal cells are involved together with 
the pericarotid area and the labyrinth. Histologically this is an old inflammatory 
process with an acute exacerbation. 





Fig. 17. Case 8.—Horizontal section in the antelabyrinthine area showing 
thickened membrane, purulent secretion and bone destruction, due to an acute 


infection. 
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Fig. 18. Case 8.—High power from area marked out in Fig. 17. 
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Fig. 19. Case 9.—A section through the geniculate ganglion and the greater super 
ficial petrosal nerve. Pneumatic cells posterior to the nerve give evidence of a prolonged 
involvement with a superimposed recent process. The cells anterior to the petrosal 
nerve are marrow containing. It is in cases similar to this one that the malignant type 
of petrositis develops. The original invasion takes place through a small chain of cells, 
then gains space in the larger pneumatized or marrow areas. The virility of the infec 
tion is diminished and it lies dormant. In the meantime fibrous organization may occur 
along the small chain of cells through which it gained entrance, and cause an obliteration 
of the pathway with subsequent infection, but the free discharge of pus is obstructed 
The result is the formation of a new avenue of escape for the confined pus 
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CVIII. 
J. Gorpon Witson, M. D., 
CHICAGO. 


In my discussion I confine myself to the petrous tip, and only 
refer to the adjacent parts in so far as they cause or modify, directly 
or indirectly, pathologic processes in that area or have a bearing on 
anatomic structures. To outline clearly the position of this area, it 
lies medial to the internal auditory meatus and the bony capsule of 
the cochlea and terminates at the synchondrosis of the basi-occipital 
and the sphenoid. Its apex (apex pyramidis) is inserted in the angle 
between the occipital and the sphenoid, leaving an irregular chink 
(foramen lacerum) filled with fibrocartilage. The inferior portion 
constitutes a part of the under surface of the base of the skull and 
is in close relation to the canal of the internal carotid artery, which 
canal encloses sympathetic nerves and a plexus of veins communicat- 
ing freely with the veins of the tympanic cavity. 


The following study is based on an examination of the petrous 
tips of fifty children, aged from five weeks to fifteen years. It is 
incomplete in so far that the extreme tip had been removed in about 
§0 per cent, in which the bones had been prepared for other investi- 
gations; but in all there was present the area medial to the cochlea 
and the internal auditory meatus, comprising half of the tip. These 
ages were chosen for this preliminary report because, in my experi- 
ence, symptoms of inflammation involving the tip (petrositis) are 
most common during these ages. 


The development of the petrous bone is related to the growth of 
the cranial cavity; it changes in size and in position with corre- 
sponding changes in the skull. As a result, the auditory capsule is 
slightly displaced towards the base. From measurements we have 
found its length in the adult is on the average one and one-half times 
as great as that of the bone in the infant and its. width may be 
regarded as doubled. During development the petrous bone might be 
considered as the pivotal part of the floor of the skull. From its posi- 
tion it is subject to strains, probably more than the other bones of 
the skull, the direction of the strains being indicated in general by 
the direction of the trabeculex. We have then this interesting picture: 
while the membranous labyrinth with its primary osseous capsule 
remains unaltered in size after birth, the petrous tip undergoes 
marked increase in size, due to bone formation under the periosteum, 
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and to growth between the otic capsule and the basi-occipital and 
sphenoid. With this increase there is a corresponding change in the 
trabeculz and a widening of the spaces which separate them and con- 
tain marrow cells. As elsewhere, the bone marrow in the young is 
predominantly of the red variety, in the adult yellow (fatty). The 
amount of red marrow, both in the young and in the adult, may be 
greatly increased by local irritation associated with disease in neigh- 
boring tissues or elsewhere in the body. The petrous marrow has an 
abundant blood supply, which comes chiefly from the arterial plexus 
in the carotid canal, but vessels also enter from the dura and from 


the tympanic cavity. 


When one examines that part of the petrous bone which lies 
medial to the primary osseous capsule of the labyrinth, the character 
of the bone is noteworthy. A secondary circular deposit of bone is 
formed, external to the primary osseous capsule but of different 
histologic character. At first relatively wide marrow spaces separate 
these two, but with age these intervening spaces diminish in width 
and almost disappear, though not entirely. This secondary capsule 
is compact towards the cochlea but opens up medially, giving place 
to trabecule forming the reticular structure (cancellous bone), so 
obvious in dry preparations. In the young these trabeculx are close 
together; with development they become wider apart; in both the 
lamella towards the tip are thinner. In all the marrow spaces com- 
municate freely. In the developing bone, osteoclasts are to be seen. 


A varying degree of pneumatization at the tip has been described. 
The following may be taken as an example: “There have been fre- 
quent demonstrations of almost complete pneumatization of the 
petrous tip. Occasionally large cells are present which practically 
hollow out the entire apex.”” (Meltzer, Trans. Am. Otol. Soc., 1930, 
p. 226.) The question of pneumatization some years ago might have 
been regarded as of academic interest. Now it is important because 
the treatment of inflammation and suppuration in pneumatic spaces 
and of similar lesions in marrow cavities are not regarded by surgeons 
as fundamentally identical. Infected pneumatic spaces may be curet- 
ted and broken down; the curetting of infected osteomyelitic areas, 
especially in the acute or subacute stages, is not in keeping with 
present surgical procedure. 


In discussing this subject I take it that we are agreed that no 
diagnosis of a pneumatic space can be made except under the micro- 
scope; the spaces in a dry bone offer insuperable difficulties to the set- 
tlement of this question. There must be identified the enclosing wall 
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characteristic of an air cavity wherever found, namely, epithelium. 
Wittmaack, who first studied their formation, showed that they are 
formed by invasion of epithelial elements from the middle ear. The 
formation of pneumatic (air) spaces can be clearly followed in a 
developing mastoid, where one can see the bony walls of the marrow 
(diploetic) spaces adjacent to an air cell breaking down and the 
epithelium from the air cell gradually displacing the marrow to form 
a pneumatic space. This holds not only for the mastoid but for devel- 
oping air spaces in other areas in the middle ear, including the region 
of the eustachian tube. I have not seen such a developmental pro- 
gression in the osteomyelitic spaces of the petrous tip. Pneumatic 
cells occurring in the tip must develop from pneumatic mastoid cells 
not uncommonly seen lying close to the floor of the skull lateral to 
the internal auditory meatus or from tympanic pneumatic cells; I 
have seen no evidence that they do so. 

Pneumatic cells are frequently seen in children external to the 
internal auditory meatus, close to and even internal to and above the 
semicircular canals (Fig. 1). These are mastoid cells which have 
developed into diploetic spaces at the base of the skull, and ought 
so to be regarded. They are frequently involved in mastoid sup- 
puration, even when the mastoid tip is little affected. But my ex- 
amination has not shown that they progress medial to the cochlea or 
internal auditory meatus. I would have you note the labyrinthine 
bone which separates mastoid cells from the petrous tip, a solid mass 
with few and small marrow spaces, forming an effective barrier to 
the progression of air spaces. In microscopic preparations it occa- 
sionally happens that owing to the plane in which the sections have 
been made, a pneumatic cell at the base of the skull and part of 
the mastoid series seems to lie medial to the internal auditory meatus, 
but an examination of adjacent sections shows the exact location of 
this cell and corrects the first conception. Mere size is no criterion 
of a pneumatic space; large marrow spaces in the apex are to be found 
not only during disease processes but also after disease. Occasionally 
one notes in this region spaces in which no marrow is present and 
in which the walls are of thin fibrous tissue, but these appear to me 
to be cysts which have followed inflammatory effusion into marrow 
spaces. Again, one may see towards the middle ear a shallow space 
having the appearance of an anatomic air cell but which I believe 
to be an abscess cavity which has ruptured, healed and been converted 
into an epithelial lined cavity. I have examined pneumatic cells asso- 
ciated with the eustachian tube, but none of these perforate the bone- 
confining wall of the apex and displace the marrow cells to constitute 
a definite anatomic pneumatic space. 
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Fig. 1. Child of 3 years (December 22, 1933—slide 190), with normal middle 
ear and mastoid, showing pneumatic cells at base of skull extending over superior 
semicircular canal, also pneumatic cells in tympanic cavity. I. a. m., internal audi- 
tory meatus; F., VII nerve with geniculate ganglion; V., vestibule; S. s. c., superior 
semicircular canal; M., mastoid cells; A., petrous apex with marrow; Me., middle 


ear with the malleus incus joint. 


That pneumatic cells do exist in this apical region appears to be 
assured from the investigations of competent observers. Gradenigo 
believed that the majority of the cases which presented his syndrome 
had pneumatic spaces extending into the apex. I have not seen them 
in the petrous tip of children, varying in age from birth to fifteen 
years, the age period where symptoms of inflammations at the tip are 
most common. It would be interesting to know what percentage 
of pneumatic cells described at the tip in children under fifteen years 
develop in pathologic bone. 


The following brief case report and postmortem findings illus- 
trate some of these points: 


REPORT OF A CASE. 


CasE 1. J. P., age 13 years. At the age of 18 months had right otitis media with 
ear discharge for seven weeks. Was apparently well till July, 1934, when he again had 


_ 


a right otitis media with otorrhea for six weeks. On December 7, 1934, the ear 
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Fig. 2. Child, 13 years, died of meningitis preceded by paralysis of 
R. VI, and pain in right temporal region. Right petrous bone divided per- 
pendicularly and lateromedially about 6 mm. anterior to superior petrosal 
sinus, showing cavity and with fibrous tissue and some pus almost filling the 
tip and connected with cartilage of foramen lacerum. (See above.) A., abscess 
cavity; C., cochlea; G., gasserian ganglion; V., vestibule; J., jugular sinus; 


M., part of mastoid antrum. 


began again to discharge and this has continued. The patient was admitted to the 
hospital February 4, 1935. Twodays later a right mastoidectomy was performed 
and granulation tissue and pus were uncovered. On February 19, the child had 
slight vertigo and tenderness over the right frontal. No signs of meningitis were pres- 
ent. On February 20th, the mastoid was reopened; examination showed no disease 
in the cranial cavity or zygomatic cells. On February 26, there was a right frontal 
headache and right sixth nerve paralysis with signs of meningitis. Bronchopneu- 


monia developed and the patient died on March 4, 1935. 


Postmortem examination (Fig. 2) showed a large cavity occupying the en- 
tire petrous tip, full of fibrous tissue and granulation tissue with some pus. It 
was enclosed by bone except towards the apex, where there was a small fistulous 
tract under the Gasserian ganglion lying along the course of a venous channel com- 
municating with the superior petrosal sinus. The floor of the abscess cavity was 
glistening in appearance towards the apex and connected with the fibrocartilage of 
the foramen lacerum. The bone between the abscess cavity and the dura was 1 mm. 
thick; bone, normal in appearance and about 3 mm. in thickness, separated the 
abscess cavity from the cochlea. There was a clot in the jugular foramen; the caro- 
tid canal and artery were normal. The history, together with the postmortem ap- 
pearance suggests a recrudescence of an old osteomyelitic process which flared up 


when a secondary infection occurred. 
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Fig. 3. Child of 5 years (July 30, 1932), Slide 235-1, with normal mid- 
dle ear and mastoid; died of abscess of lung and pericarditis secondary to 
osteomyelitis of left tibia. Active hyperplasia in marrow of petrous tip. 
Core-like formation with radiating columns containing hypertrophic con- 
nective tissue, suggesting destruction of tissue. B., bone trabecule. Magn. 


95 diams. 


Petrositis, as otologists see it, is a localized osteomyelitis usually 
associated with pathologic changes in the middle ear. The cells of the 
marrow filling up the interstices of the bone are greatly increased 
in number and serous effusion can be noted. Subsequent to this the 
calcified framework is involved in the inflammatory process, the bone 
cells and the calcified tissue showing signs of destruction (necrosis) . 
The early signs are similar to an acute infection elsewhere: engorge- 
ment of blood vessels, exudate of serum and emigration of red and 
white blood corpuscles. Pus and granulation tissue appear and the 
necrotic bone of the trabeculx is absorbed, leaving an abscess cavity 
which may be small or may involve a large part of the tip (Fig. 2). 
As the subacute or chronic stage subsides, the cavity may persist and 
become lined by granulation and later fibrous tissue. The pus may 
remain for an indefinite period, or be replaced by a serous exudate 
with a gross appearance very similar to that of a small cyst. The exu- 
date may be entirely replaced by granulation tissue, which in turn 
may mature into fibrous tissue. The periosteal bone, even to a late 
period, may be intact; if the disease persists it becomes thin and 
necrotic, till finally there is a fistula with the escape of pus. 

The micro-organism may reach the tip in one of two ways, by 
the blood stream as part of a general infection, or by direct extension 
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began again to discharge and this has continued. The patient was admitted to the 
hospital February 4, 1935. Twodays later a right mastoidectomy was performed 
and granulation tissue and pus were uncovered. On February 19, the child had 
slight vertigo and tenderness over the right frontal. No signs of meningitis were pres- 
ent. On February 20th, the mastoid was reopened; examination showed no disease 
in the cranial cavity or zygomatic cells. On February 26, there was a right frontal 
headache and right sixth nerve paralysis with signs of meningitis. Bronchopneu- 


monia developed and the patient died on March 4, 1935. 


Postmortem examination (Fig. 2) showed a large cavity occupying the en- 
tire petrous tip, full of fibrous tissue and granulation tissue with some pus. It 
was enclosed by bone except towards the apex, where there was a small fistulous 
tract under the Gasserian ganglion lying along the course of a venous channel com- 
municating with the superior petrosal sinus. The floor of the abscess cavity was 
glistening in appearance towards the apex and connected with the fibrocartilage of 
the foramen lacerum. The bone between the abscess cavity and the dura was 1 mm. 
thick; bone, normal in appearance and about 3 mm. in thickness, separated the 
abscess cavity from the cochlea. There was a clot in the jugular foramen; the caro- 
tid canal and artery were normal. The history, together with the postmortem ap- 
pearance suggests a recrudescence of an old osteomyelitic process which flared up 


when a secondary infection occurred. 
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Petrositis, as otologists see it, is a localized osteomyelitis usually 
associated with pathologic changes in the middle ear. The cells of the 
marrow filling up the interstices of the bone are greatly increased 
in number and serous effusion can be noted. Subsequent to this the 
calcified framework is involved in the inflammatory process, the bone 
cells and the calcified tissue showing signs of destruction (necrosis) . 
The early signs are similar to an acute infection elsewhere: engorge- 
ment of blood vessels, exudate of serum and emigration of red and 
white blood corpuscles. Pus and granulation tissue appear and the 
necrotic bone of the trabeculx is absorbed, leaving an abscess cavity 
which may be small or may involve a large part of the tip (Fig. 2). 
As the subacute or chronic stage subsides, the cavity may persist and 
become lined by granulation and later fibrous tissue. The pus may 
remain for an indefinite period, or be replaced by a serous exudate 
with a gross appearance very similar to that of a small cyst. The exu- 
date may be entirely replaced by granulation tissue, which in turn 
may mature into fibrous tissue. The periosteal bone, even to a late 
period, may be intact; if the disease persists it becomes thin and 
necrotic, till finally there is a fistula with the escape of pus. 

The micro-organism may reach the tip in one of two ways, by 
the blood stream as part of a general infection, or by direct extension 
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from the adjacent parts. The most frequent demonstrable portal of 
entry follows a lesion of the mucous membrane of the middle ear. 
Regarding the path of invasion there is a diversity of opinion. For 
example: “The infection spreads from the tympanic cavity via a pre- 
formed air cell passage or by vascular metastasis or by hematogenous 
pathway or by retrograde lymphatic current.” (Sjoberg, Acta Oto- 
Lar., 1934, Vol. 19, p. 499.) “It cannot be denied that the majority 
of petrous pyramid infections which reach the apex do so by direct 
extension through the pneumatic layer of cells extending along the 
eustachian tube from the tympanum to the petrous tip.” (Friesner 
and Druss, Trans. Am. Otol. Soc., 1930, p. 223.) After describing 
four routes by which infection may spread—(1) Sublabyrinthine, 
(2) through subarcuate fossa, (3) carotid canal, (4) eustachian 
tube—Perkins says, “Anyone who has made many dissections of the 
temporal bone will readily see that this list of routes is only partial 
and that the variety and position of cells is endless.” (Perkins, Annals 
of Otology, Vol. 19, 1910, p. 698.) 


From these statements I conclude that regarding the most com- 
mon routes of invasion one cannot at the present time be dogmatic. 
The examination of my pathologic specimens shows that the infection 
has usually spread along vascular channels, and probably lymphatics, 
from the middle ear. This is based on the following observations: 
(1) In subacute cases the pathologic reaction is most observable in 
the part adjoining vascular areas connecting with or adjacent to an 
infected tympanic space, or infected areas near the carotid canal or 
eustachian tube, without noticeable bone destruction under the mem- 
brane of the middle ear; (2) the internal carotid venous plexus 
receiving the veins from the middle ear are connected with numerous 
veins from the tip which may be dilated and in some cases throm- 
bosed; (3) in the postmortem material examined by me the infection 
could not have extended through pneumatic spaces as these were not 
present. The lymphatics in this region are not known but probably 
are connected with the tympanic cavity. A localized osteitis may 
begin subperiosteally near the middle car or carotid canal. Then it 
usually results in the destruction of a small area of cortex, which is 
absorbed, leaving a shallow depression, at first filled with pus and 
granulation tissue and later healed with cicatrization. 


The disease may be acute, subacute or chronic, often with acute 
exacerbations. In mastoiditis the infection may not result in a puru- 
lent cavity, so in petrositis one may expect to see a nonsuppurative 
inflammation. If the inflammation has resulted in necrosis, which 
theoretically may occur in any area, a fistula with the escape of pus 
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may occur at any point; in the pathologic cases I have examined 
these have formed usually towards the tip, infra-dural, in two on the 


antero-inferior surface. 


A petrositis may be part of a general osteomyelitis. Fig. 3 shows 
petrositis associated with a primary osteomyelitis of tibia with middle 
ear and mastoid normal and no meningitis. 


When we come specifically to the causal organism commonly 
present in petrositis we find no agreement. In five cases, Voss found 
streptococcus in two, streptococcus and bacterium coli in one, pneu- 
mococcus in two. Fowler, in five cases found pneumococcus in three, 
streptococcus in two. In the majority of reports the organism appears 
to have been obtained from the middle ear or mastoid. The possi- 
bility must not be overlooked that septic organisms, once they have 
entered the blood stream, may, like the spirochaete and the typhoid 
bacillus, find their way into the marrow of bone, and lie inert for 
considerable periods, until some favoring circumstances, such as an 
inflammation of the middle ear, or a serious depression of health, 


excited them to activity. 


Some years ago I stated that in my opinion the marrow cells 
in this region have a defensive function equipped to deal with an 
infection reaching its tissue. This opinion has not been diminished 
by further observations. I have yet to find a case of otitis media or 
of basal meningitis in which the marrow cells are not greatly in- 
creased, so great in some cases as to completely conceal the delicate 
marrow spaces with the capillaries. The vessels are engorged and 
there is effusion indicative of an irritative reaction. It is agreed that 
myeloid tissue belongs to the reticulo-endothelial system which has 
not only important metabolic functions but also important defensive 
functions against micro-organisms. It is known that all general path- 
ologic processes immediately affect the bone marrow; that in most 
general infections—for instance, during suppuration—the marrow 
cells are stimulated and the percentage of myelocytes in the bone 
marrow increases greatly. “There is a growing volume of evidence 
that in the presence of general body infection the reticulo-endothelial 
arrangements form one of the most important defensive mechanisms 
of the body. We find indications of its response in septicemia.” 
(Fraser, Brit. Med. J., Sept. 22, 1934, p. 540.) What factors deter- 
mine the breakdown of this defense I do not know, but I feel safe in 
saying that most pathologists agree that a slight or passing infection 
may well be dealt with without forming a pus cavity. This fact, I 
believe, should have consideration in our operative procedure. 
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SUMMARY. 


1. The development of the petrous bone is related to the devel- 
opment of the skull and may progress beyond puberty. 


present at the tip. Air cells frequently found above the semicircular 
canals and lateral to the internal auditory meatus are mastoid cells 
extending along the base of the skull. 


2. In this study of petrositis in children pneumatic cells are not 


3. In my preparations the infection at the tip has most fre- 
quently come through vascular channels from the middle ear. 


4. Since the marrow is part of the reticulo-endothelial system 
it is a defensive mechanism and this ought to be considered in the 


treatment of clinical cases. 


CIX. 
EDMUND P. Fow er, Jr., M. D., 
New York. 


In the first paper of this symposium it was shown by Dr. Guild 
that the anatomy of the petrous portion of the temporal bone is 
quite complicated. Drs. Wilson and Jones have shown that the apical 
portions of the petrous pyramid are subject to certain pathologic 
conditions dependent upon this anatomy. Roentgenographic visuali- 
zation of some of these pathologic conditions has been reported in the 
literature by Stenvers,' Taylor,* and others.” It is the purpose of this 
paper to classify and compare the roentgenographic findings in the 
petrous pyramid by x-ray and the findings in microscopic serial sec- 


tions of the same or similar bones. 


Because of the present usages and misunderstandings it is sug- 
gested that inflammation in the apical portions of the bone be called 
“apicitis” or suppuration of the “surgical apex.” This bridges the 
gap between the surgeons who consider anything anterior and me- 
dial to the cochlea as the “apex,” or “tip,” and the anatomists, who 
have defined the apex as the most medial and anterior point of the 


*From the Departments of Pathology and Otolaryngology, College of Physi 
cians and Surgeons, Columbia University, with the co-operation of Drs. Golden, 
Swenson and Abbott of the Department of Radiology of the Presbyterian Hospital. 
This work was made possible by grants from the Research Council of the American 


Otological Society and the Hayden-Coakley Fund. 
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pyramid. In speaking of petrositis (Profant') it is more desirable, 
as a rule, to avoid the use of the words “petrous apex” altogether 
and to speak of the petrous pyramid as a whole. “‘Petrositis” should 
mean inflammation of the petrous portion of the temporal bone, 
anterior and medial to the arcuate eminence. It should include the 
perilabyrinthine as well as the antelabyrinthine cells. To omit the 
perilabyrinthine cells, as is usually done in speaking of petrositis, is 
like omitting the mastoid antrum in speaking of mastoiditis; it omits 
the path of entrance for the disease. If it is desired to be more specific 
about the locations of suppurations, one can always specify involve- 
ment of the infracarotid regions, involvement of the superior angle 
cells to the anatomic apex, etc. Thus, petrositis becomes a general 
term” like mastoiditis, and important regions of the petrous pyramid 


are not ignored as possible foci of suppuration. 


The variability and inaccessibility of the petrous pyramid make 
its roentgenography difficult. Unfortunately x-ray plates merely 
record shadows, and therefore the average roentgenogram of a por- 
tion of human anatomy is a series of superimposed shadows. Even 
with stereoscopic technic it is often difficult in the petrosa to separate 
one shadow from another and to evaluate the density and outline of 
each. This is partly due to the fact that,most of the petrosal pyramid 
lies rather deep in the skull and it is almost impossible to obtain a 
clear picture of its entirety without the superimposition of the shad- 
ows of the sinuses, rim of the orbits, or tissues of the neck and cal- 
varium. The main difficulty, however, is shown by serial sections to 
be inherent in the bone itself. The most common type of petrosa is 
pneumatized only in a few areas. The surrounding bone is more or 
less densely trabeculated bone containing marrow. The shadow of 
this sclerotic or diploic bone, as the case may be, is superimposed on 
the few pneumatic cells, and if the latter are small or located in cer- 
tain areas, their shadows may be obliterated completely. Now, where- 
as in the mastoid, obliteration of pneumatic areas usually means 
pathology, this obviously does not hold when considering the petrous 
pyramid. The more highly pneumatized the petrosa the more the 
problem of estimating the pathology approaches that of the mastoid. 
If the petrosa is completely pneumatized and an inflammatory process 
occurs in it, the anatomic diagnosis, as shown by microscopic exami- 
nation, is “osteitis.” This corresponds to the most usual kind of 
mastoiditis. If the petrosa is not at all pneumatized and an inflam- 
matory process occurs in it, the anatomic diagnosis, as shown by 
microscopic examination is “osteomyelitis.” This type of patho- 


logic process sometimes occurs in the mastoid of children who 
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Fig. 1. Case 11217.—Age 17, male, white. Autopsy diagnosis: bacterial endo- 
carditis; no history of ear disease. Horizontal sections through right petrosa, show- 
ing hyperplastic marrow in petrosa. 
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Fig. 2. Case 11259.—Age 34, German, female. Autopsy diagnosis: chronic 
lymphatic leukemia. Horizontal sections through left temporal bone showing 
pneumatization medial to superior semicircular canal in (a), but less and _ less 


pneumatization as the sections go down. 
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Fig. 3. Posterior-anterior view of case 11259. Note cells in left petrosa 


projected through the orbit. Compare Fig. 2. 


have nonpneumatized mastoid processes, but is more commonly seen 
as the ordinary osteomyelitis of a vertebra or some other cancellous 
bone having a relatively thin cortex. The most common type of 
petrous pyramid, anatomically, is the mixed type, so that in diseased 
bones we have neither of these conditions in a pure state. That is, in 
microscopic sections one invariably finds both osteitis of the bones 
enveloping the pneumatic cells and osteomyelitis of certain parts of 


the nearby marrow cavities. 


Because of this last fact, the first step in the x-ray diagnosis of 
“petrositis” (i. e., inflammation of the petrous pyramid medial and 
anterior to the arcuate eminence) is to try to estimate the degree of 
pneumatization of the diseased side before the disease took place. 


This can be done in three ways: (1) By comparison with previous, 
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and therefore presumably more normal x-rays; (2) by comparison 
with the opposite side; (3) by comparison with the apparent pneu- 
matization of zygomatic and postsigmoid sinus regions. If one or 
both are highly pneumatized, the petrosa is more likely to contain 
many perilabyrinthine and antelabyrinthine cells. In addition, 
highly pneumatized petrose are more likely to be wide with an 
oblique rather than an acute superior angle. In our series of cases 
these have been found largely in negroes or in individuals of Nordic 
extraction. There is apparently a higher degree of pneumatization 
in certain anthropologic types. 


It must be emphasized that reliance upon the commonly found 
similarity in pneumatization in the two sides of the human skull is 
occasionally dangerous. If there is a history of previous otitis on one 
side, and especially if this otitis was present in infancy, variations in 
the pneumatization are to be expected. 


Having estimated the probable amount of pneumatization in a 
suspected bone, one looks for graying of the cell lumen to apparent 
obliteration of the cell wails by contained fluid or granulation tissue 
in the early cases (i. e., increased density); for breaking down of 
the cell walls in advanced cases (i. e., decreased density) ; for thicken- 
ins of the cell walls in chronic or recurrent cases; and for breaks in 
the cortex in fulminating cases. The estimation of the obliteration 
of the cell contours by contained fluid or granulation tissue is most 
hazardous if there is superimposed sclerotic or diploic bone. After 
all, there can be very little difference in the shadows of air cells filled 
with leucocytes of a purulent exudate, and the trabeculation of 
diploic bone between which are found various types of hematopoietic 
cells. If there is pathology in the cancellous bone itself, this becomes 
apparent in x-ray plates eventually, as does osteomyelitis in a long 
bone. But in the long bones it is a known fact that it may be ten 
days or more before an osteomyelitis can be recognized roentgeno- 
graphically. Only then one begins to find sequestration or a de- 
creased density due to pus pocketing. Later, in chronic cases there 
may be an increased density due to new bone formation. In the sur- 
gical petrous apex all three of these stages occur. Occasionally the 
labyrinth or part of the labyrinth becomes part of a sequestration." 
If an osteitis of the pneumatized portion of the bone and an osteo- 
myelitis of the nonpneumatized portion are both present, as is often 
the case in petrositis, the two conditions cannot be distinguished by 
any known roentgen technic. 

The mento-vertical, or so-called ‘Taylor position,” is at present 
the most popular position for the study of the surgical petrous apex. 
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Fig. 4. Case 11522.—Age 41, white, male. Autopsy diagnosis: meningitis of 

otic origin. Horizontal sections through left petrosal pyramid. 

(a) Level of vertical semicircular canal. Radical mastoidectomy cavity par- 
tially filled with granulation tissue, fibrin, and leucocytes, and the petrosa 
medial to the vertical canal filled with similar tissue and necrotic bone. 

(b) Level of the vestibule. 

(ce) Jugular cell region showing inflammatory process extending from mastoid 

cells to all of the petrosal cells as well as the marrow of the petrosa. 
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Fig. 5. Case 11522.—Mento-vertical or Taylor position. Note pneumatization 
on normal right side and decreased aeration on left. Roentgenogram taken after 


radical mastoidectomy. 


It has many advantages, as Taylor* has pointed out, the most impor- 
tant being that it allows an over-all view of both petrous pyramids 
and therefore a comparison between the two sides. The disadvantage 
is that the projection superimposes the inferior portions of the petrosa 
upon the superior angle. In our experience most of the cases who 
die with petrositis have had inflammation in the cells at the superior 
angle. The fact that some of these cases showed disease in the more 
inferior portion of the petrosa in addition, does not detract from 
the importance of this group of cells. Since the superior groups of 
cells are more likely to be extensive in both normal and pathologic 
material, it seems that every effort should be made to obtain a clear, 
uninterrupted view of these cells without the superimposition of 
other structures which might make it uncertain where the pneumati- 
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Fig. 6. Case M4.—Age 31, Irish, male. Autopsy diagnosis: meningitis of otic 
origin. Case of Dr. J. C. Sharp, Manhattan Eye, Ear and Throat Hospital. Left 


normal side: highly pneumatized petrous pyramid. 








Fig. 7. Case M4.—Mento-vertical _ position. Courtesy of Dr. F. M. Law. 
Shows pneumatization on left and decreased density with loss of cell outlines on the 


right. Compare Fig. 6 and Fig. 8. 
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Compare Fig. 6 and Fig. 7 


zation of the individual case may be obtained. 


Facial N. 





Jugular bulb Mastoid 


Case M4. Right side: note large abscess in jugular cell region. 


zation lies. A posterior-anterior view, with the superior angle of the 
petrosa thrown into the middle of the, orbit, gives a clear view of 
these cells and allows a comparison of the two sides. The oblique 
view, suggested by Stenvers,' also gives a good view of the superior 
angle but necessitates the taking of two plates for comparison of 
the two sides. Base films which throw the superior angle into the 
occipital region, also give a good view of the superior group of cells 
and occasionally help to locate the perforation of the cortex over 
them. This position, however, attenuates the petrosa in an antero- 
posterior direction. Because of the complexity and seriousness of the 
problem it would then seem advisable, if possible, to take stereoscopic 
projections in the Taylor position for an over-all bird’s-eye view 
and films in the P. A. and oblique projections for further localization. 
Films for future comparison should be taken as early as possible dur- 
ing the disease, so that a better knowledge of the normal pneumati- 
A record of the 
exact technical factors used (i. e., milliamperage, kilo voltage, tube 
distance, exposure time, etc.) should be kept so that subsequent films 
can be reproduced with the same technic. Serious mistakes can be 
made by interpreting the changes in the density of films when the 
technic is not standardized. For example, in case 11,522, a diagnosis 
of early petrositis was made on the admission x-ray. The patient 


developed a Gradenigo’s syndrome which cleared after a simple mas- 
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toidectomy except for excruciating unilateral temporal pain. X-rays 
in the Taylor position, taken three weeks after operation, showed 
apparent diminution of the process in the petrosa and were so report- 
ed. Because of this report and the fact that the ear discharge had 
greatly diminished, the fever had gone, and the sixth nerve paralysis 
had cleared, the pain behind the eye and the temple were discounted 
and the patient was allowed to go home. He returned two weeks later 
with a meningitis and died soon after admission. Review of the 
petrosal films showed that in reality there had been no change in 
the roentgen picture since the original diagnosis of petrositis had been 
made. Those who read the films failed to appreciate that the second 
film was somewhat more heavily exposed than the first and that the 
apparent clearing was due merely to a difference in roentgen technic. 
This often happens when an inexperienced person attempts to inter- 


pret any type of film. 


The roentgenogram may be of aid in the diagnosis of labyrinth- 
itis or of labyrinthine irritation. At times definite evidence of path- 
ology in the perilabyrinthine cells can be seen by x-ray. Of course, 
there is no way of telling that an invasion of the labyrinth is, in a 
given case, directly from these cells or whether it is through some 
other ruute, but marked clouding of these cells, accompanying laby- 
rinthine symptoms, might lead one to do a radical mastoid operation 
rather than the more usual procedure of doing a simple mastoid 
operation. We have in our collection a case in which the labyrinth- 
ine wall was broken down and the cochlea invaded by infection in 
the petrous apex. The petrosa in this case showed an osteomyelitis in 
the region of invasion. There has been one other case of this type in 
our wards. He had a clinical labyrinthitis and x-rays showed marked 
clouding of the perilabyrinthine cells. His acute process was cured 
by a simple mastoidectomy through a wide opening of the zygomatic 
cells, and the cells over the antrum. Perhaps the so-called “serous 
labyrinthitis” is at times caused by inflammation in the perilabyrinth- 
ine cells. 


It must be borne in mind that in every otitis media there is 
always more or less infection of the mastoid, and if the petrous 
pyramid is pneumatized there always is more or less infection of 
the petrosa. We have seen x-rays which showed quite large areas of 
decreased density in a superior angle group of antelabyrinthine cells. 
This case had all the classical symptoms of petrositis, but became 
perfectly well clinically following a simple mastoidectomy. Similar 
cases have been reported by Coates‘ and others. The important point 
is that infection may well be apparent in roentgenograms, but x-ray 
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changes in the petrosa do not necessarily mean operative petrositis 
any more than x-ray changes in the mastoid necessarily mean opera- 
tive mastoiditis. 


SUMMARY. 


1. Petrositis is defined as inflammation of the petrous portion 
of the temporal bone medial and anterior to the arcuate eminence. 


2. If the words “‘petrous apex” are used in discussing petrositis 
they should be qualified by stating whether the “anatomic” or “‘sur- 
gical” petrous apex is meant. The surgical petrous apex is apparently 
those regions medial and anterior to the cochlea and is a relatively 
inaccurate term. 

3. The petrous pyramid is dificult to study by x-ray because 
of its depth within the skull and because of variations in its own 


anatomy. 


4. Partial pneumatization of the petrosa is the rule in micro- 
scopic serial sections, but the cells are usually not apparent in roent- 
genograms because of superimposed sclerotic or diploic bone. 


§. Extensive pneumatization can be seen in roentgenograms, but 
may be difficult to localize unless a number of projections are made. 


6. In our series of nine cases which died with petrositis there 
have been infected cells along the superior angle, and in some of the 
cases these were the only pneumatic cells present in the petrosal 
pyramid. 


7. A plea is made for the recording of the technic used for com- 
parison plates so that subsequent changes in density can be more 
accurately evaluated. 


8. X-ray evidence of pathology does not necessarily mean opera- 
tive petrositis, and apparent absence of pathology in x-ray plates does 
not necessarily mean there is no petrositis present. 
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Il. THE CLINICAL PICTURE AND DIAGNOSIS OF THE 
VARIOUS TYPES OF INFECTION. 


Cx 
ERNEST M. SEYDELL, M. D., 
WICHITA. 


At this time our knowledge of suppuration of the petrous apex 
is so far from complete that it is impossible to present an absolutely 
accurate clinical picture of this condition. Future experience will 
probably cause us to change our present viewpoint. 

Classification. In this paper I am adopting the classification of 
Eagleton,’ which is very comprehensive. (See page 1113.) 

1. Reactive and reparative osteitis. 

2. Non-suppurative congestive cases—symptoms due to venous 
stasis. 


3. Chronic bone sepsis cases (without macroscopic pus). 
4. Abscess of the apex. 

a. Without a tract. 

b. Without a tract. (Acute or chronic—Seydell. ) 

5. Acute septicemia cases, associated with a continuous positive 
blood culture and meningitis. 

Typical Clinical Picture. The following symptoms, signs, and 
findings may be regarded as being typical of suppuration of the 
petrous apex: 

1. Neuralgia-like pain, especially over the area supplied by the 
ophthalmic branch of the trigeminal nerve. 

2. A discharge from the ear or mastoid wound. 

a. Recurrent. 


b. 


Continuous. 
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3. A low grade sepsis. 
4. Frequently a paralysis of the sixth cranial nerve. 


5. Roentgen ray findings showing destructive changes in the 


petrous tip. 


The clinical picture, unfortunately, is often atypical and death 
may ensue without the development of symptoms that would lead 
One to suspect a suppuration of the petrous apex. The symptoms were 
typical of suppurative apicitis in only 60 per cent of this series. It is 
essential, therefore, that we discuss all of the variations of the clinical 
picture. My assignment is on Cases of Suppuration of the Petrous 
Apex which were published in 1934, and the statistics which I intend 
to present cover this period and consist of forty-one cases. I am 
adding an unpublished case on which I had the privilege to operate 
for Dr. Carter of Wichita, and three unpublished cases of Dr. 
Gittins of Sioux City, Iowa. 


The onset of the clinical manifestations of suppurative apicitis 
usually becomes manifest during the postoperative period of a simple 
mastoid operation, performed to eradicate the diseased tissue and 
drain what was apparently an ordinary acute suppurative mastoiditis. 
Much more rarely the symptoms appear during a middle ear suppu- 
ration which may or may not be complicated by mastoid suppuration. 
In the cases reviewed by the author, the appearance of the symptoms 
was on the average twenty-five days following the primary mastoid 
operation. They developed with the acute otitis media in only two 
cases. 

Pain deep in the eye, or immediately around the eye, is quite 
characteristic when present. The pain is usually nocturnal in charac- 
ter and agonizing in degree, but with periods of complete absence of 
pain. In my series there was no history of this type of pain in 36 
per cent of cases. Complete absence of pain (hemicranic) was 
recorded in only 5 per cent. A low grade sepsis was present in 70 


per cent. 


Many writers have reported cases of suppurative apicitis in which 
the discharge from the ear or mastoid, or both, subsided, to recur 
with trigeminal pain, fever, etc. This sequence of events occurred 
in 41 per cent of this series, whereas in 46 per cent there was contin- 
uous discharge. The cases reviewed substantiate the findings of a 
number of authors relative to the fact that palsy of the sixth nerve 
is not a definite part of the picture of suppurative apicitis. It was 
present, however, in about 31 per cent of my cases, usually after 

















1070 SUPPURATION OF THE PETROSAL PYRAMID. 


mastoid operation, the longest interval being sixty days. In three cases 
average time was on the twenty-seventh day following the primary 
mastoid operation, the longest interval being sixty days. In three cases 
palsy of the sixth nerve appeared quite early. In one instance, the 
palsy occurred before the mastoid operation, in another case on the 
second day, and in the third on the eighth day after the primary mas- 
toid operation. The ages of 89 per cent of the cases with suppurative 
apicitis fall within the first four decades of life; 34 per cent of the 
patients were under ten years of age. Apicitis occurs with equal fre- 
quency in both sexes. The right and the left ear were involved in 
practically the same number of cases. Chills were present in 1 per 
cent and labyrinthine symptoms in 2 per cent of the cases; in the 
latter group the symptoms were for the most part of a temporary 
nature. Signs of meningeal irritation or infection were found in 34 
per cent of this series. 


COMPLICATIONS. 


1. Meningitis—The most frequent and important complication 
of suppurative apicitis is meningitis, which caused twelve of the four- 
teen deaths in this group. In eleven (Cases Nos. 4, 5, 6, 13, 16, 17, 18, 
19, 20, 21, 41) of the fourteen deaths petrositis was not recognized 
as the cause of the terminal meningitis until the postmortem exami- 
nation. This fact substantiates Eagleton’s statement that petrous 
apicitis is a frequently unrecognized cause of meningitis. 


2. Facial Paralysis —Facial paralysis occurred independently of 
any operative procedure in one case. It followed radical operations 
in two cases. In one the technic of Ramadier was employed; in the 
other, that of Almour. 


3. Deafness.—In one case sudden deafness and facial cramps 
occurred, due to an involvement of the nerves in the internal audi- 
tory meatus. In one other case deafness, labyrinthine irritation, and 
facial paralysis followed an operative procedure; the technic of 
Ramadier was employed. 


4. Brain Abscess.—In the literature there are a number of state- 
ments concerning the rarity of brain abscess complicating infections 
of the petrous tip. There are three in this series. All were located 
in the temporal lobe; of these one survived and two died of terminal 
meningitis. 


§. Impaired Hearing.—There is but little comment in the lit- 
erature with reference to the end results as regards hearing in patients 
who have had a simple mastoid operation and enlargement of an 
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existing fistula. Kopetzky” states: “Let us view these three cases in 
the light of the advisability of avoiding a radical mastoidectomy; 
all three have poor, if not to say, bad hearing.” (A simple mastoid 
operation was performed in these three cases.) In two other cases of 
this series in which the hearing was tested subsequent to operation 
(Cases 2 and 3), the hearing after convalescence was reported as 
good. There was no report on the end result in the hearing in Ko- 
petzky’s” tenth case (Case No. 36), in which he also performed a 
simple mastoid operation with an enlargement of the fistula. In Case 
38 the hearing was reported normal. In Case 37 an unsuccessful 
attempt was made to find a fistula leading to the tip. Subsequently 
a radical operation was advised but refused by the patient’s family, 
due to the fact that she was seven months pregnant and suffering 
with severe glomerular nephritis. In spite of the long continued sup- 
puration, her hearing remained unimpaired. In Case 40 a simple 
mastoid operation, with an enlargement of the fistula, resulted in 
recovery without loss of hearing. 


6. Mortality.—The mortality in this group of cases was about 
34 per cent. This is much higher than it should normally be and can 
be accounted for by the fact that several authors whose cases have 
been used in compiling these statistics appear to have taken some of 
their case reports from hospital and postmortem records, apparently 
with the idea of showing that suppurative apicitis, even ending in 
death, may run a symptomless course. It is interesting to compare 
this mortality rate with that of Kopetzky, who has had thirty-two 
proven cases of suppuration of the petrous tip with five deaths, a 


rate of 16 per cent. 


There can be no question that roentgen-ray films are of great 
value in the diagnosis of suppuration of the petrous tip. However, 
it is as yet not possible to determine by a roentgen-ray film whether 


surgical interference is essential or necessary. 


An x-ray of the petrous tip should be made early in the course 
of mastoid disease. In the great majority of cases this is before symp- 
toms of petrous tip infection are manifest. This x-ray film is valua- 
ble first, because it furnishes a key film, and secondly, it gives us 
definite information relative to the structure of the temporal bone. 
When symptoms of petrositis appear, repeated films should be made 
for comparison to determine the progress of destruction or repair. 

X-ray findings should be checked by operative or postmortem 
findings to establish on a firm basis their value in diagnosis. The 
method chosen in which to take the picture varies with the indi- 
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vidual, i. e., Taylor prefers a base plate; many European writers favor 
the Stenver’s position. It seems advisable to make films in both posi- 
tions. Nager states that in the first or early stage of suppuration of 
the petrous tip there is a general cloudiness. Later the septa are 
absorbed or become invisible and finally the outlines of the tip are 


wiped out. 


Many authors, Coates,* Nager,' Sjoberg,” and others have re- 
ported cases in which there seemed to be a definite area of destruction 
in the tip, although the patients recovered after a simple mastoid 
operation. This may indicate that infections within the petrous apex 
have a much greater tendency to spontaneous cure than has the asso- 
ciated mastoid infection. Eagleton* states that this is due to the influ- 
ence of the red bone marrow. 


When routine roentgenograms are made, it will be more gen- 
erally recognized that asymptomatic infections of the petrous tip 
occur rather frequently, as in the cases reported by Coates,’ Sjoberg” 
and others. Sjoberg” states that roentgenograms show changes in the 
tip in nearly all cases which present the Gradenigo triad. 


In conclusion, I will quote Taylor,” who says: “The roentgeno- 
graphic examination is an aid, and while it may yield useful infor- 
mation the final diagnosis does not rest on it. Roentgenographic 
changes in the petrous apex of a destructive nature associated with 
symptoms and signs of petrositis indicate a suppurative lesion in the 
petrous apex, with inadequate drainage. There are similar roentgeno- 
graphic changes in patients who have no symptoms except a persist- 
ent otorrhea, but the latter are in no immediate danger from intra- 
cranial complications.” 


CONCLUSIONS. 
1. Suppurative petrositis presented in this series a definite or 
typical picture in but 60 per cent of the series. 
2. Death from meningitis ensued in ten cases where the diag- 
nosis was only made at postmortem. 
3. The onset of suppurative apicitis usually occurs late, the 
average time being about a month after the primary mastoid opera- 


tion. 


4. Sixth nerve palsy is not a definite part of the picture of 
suppurative apicitis. 

§. The hearing is not necessarily affected following suppurative 
apicitis. 
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REPORT OF CASES. 


Casr 1.—G. M. C. Female, aged 20. Acute otitis, right ear. 
Profuse discharge and severe pain in the ear and retrobulbar. Pain 
was nocturnal and persistent in character. Low grade sepsis. X-ray 
picture showed a well pneumatized mastoid with destructive changes 
in the mastoid area and petrous tip. Simple mastoid operation. Pa- 
tient recovered. 

Case 2.—S. D. G. Case A. Female, aged 8. Acute otitis, left 
ear. Copious discharge. Acute suppurative mastoid. Well pneuma- 
tized mastoid. Simple mastoid operation. Fifteen days later severe 
pain developed behind the right eye and right side of head. There 
was a low grade sepsis. The pain and fever continued for nineteen 
days, followed by recovery. 


Cask 3.—S. D. G. Case B. Female, aged 6. Acute otitis. Co- 
pious discharge. Acute suppurative mastoiditis. Well pneumatized 
mastoid. Simple mastoid operation. Following the operation, patient 
developed septic temperature and pain in the left frontal region and 
in the upper teeth. Six weeks later the pain became worse and local- 
ized behind the left eye; was nocturnal in character. The discharge 
increased. Fifty-eight days after operation sixth nerve palsy developed. 
Sixty-eight days after operation a mass developed in pharynx and 
was incised. A large amount of greenish pus drained from mass. 
Relief and recovery followed. 


Case 4.—E. W. H. Case A. Female, aged 48. A year previous 
to death left ear began to discharge and later the right ear. No evi- 
dence of mastoid infection. Patient died of terminal infectious 
splenitis, hemolitic anemia and agranulocytosis. On postmortem 
examination it was found that both petrous bones were evidently 
involved. There were no symptoms of petrositis. 
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Case 5.—E. W. H. Case B. Male, aged 53. Nineteen days be- 
fore death from hypertension, cardiac hypertrophy and renal arterio- 
sclerosis, etc., patient developed an acute suppurative otitis media with 
spontaneous perforation of the right drum. Postmortem revealed 
that there was extensive destruction of the petrous tip. There were 


no symptoms of petrositis. 


Case 6.—E. W. H. Case C. Male, aged 64. Acute suppurative 
otitis media and mastoiditis. Simple mastoid. Few days later menin- 
geal symptoms developed with chills and fever on the sixth day 
following the mastoid operation. Death. Postmortem. Meningitis 
with extensive destruction of the petrous tip. There was a perfora- 
tion of the tip on its posterior and superior surfaces. There were no 


symptoms of petrositis. 


Case 7.—A. A.S. Male, aged 65. Acute otitis media left. Well 
pneumatized mastoid. Intense pain left ear and temple. On Novem- 
ber 16, 1931, simple mastoid operation. Ear dry. After fourteen 
days pain and discharge reappeared. X-ray showed rarefaction in 
apex. Septa not visible. December 30, 1931, intense pain left temple 
and eye. Abducens paresis. January 8, 1932, condition better. Jan- 
uary 14, 1932, pain right ear and right eye. January 16, 1932, right 
mastoid tender. Chill. January 16, 1932, simple mastoid right ear. 
No infection of mastoid cells. Thrombosis of right sigmoid sinus. 
The infection from left petrous tip probably involved some of the 
venous spaces of the base, traveling to and infecting the opposite 
lateral sinus. Recovery. 


Case 8.—F. R. N. Case A. Female, aged 26. Acute otitis media 
right. Entered hospital on July 2, 1932, with chills and mastoid ten- 
derness. X-ray revealed slight clouding mastoid cells. Cell walls in 
tip destroyed. Variation in size of cell in petrous tip. July 7th, sixth 
nerve palsy and meningeal symptoms. Simple mastoid operation. 
Mastoid cells empty. Antrum filled with granulations. Could not 
find paralabyrinthine cells or fistule. Attempted to reach tip by fol- 
lowing the upper surface of the petrous—failed. Patent died of 
meningitis. Streptococcus mucosus. Postmortem. Ascess found in 
tip. Walls of carotid canal, the Gasserian ganglion destroyed, the 
ganglion being infected. Diagnosis: Otitis media with primary api- 
citis. Could have been drained by the Almour or Ramadier method. 


Case 9.—F. R. N. Case B. Female, aged 34. Acute otitis media. 
Paracentesis. Three weeks’ teeatment. Pain located in depth of cra- 
nium increased in severity. Supraorbital nerve sensitive. X-ray. Cells 
clearing up but cranial surface of tip seemed partially destroyed. 
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Three weeks later patient suddenly developed high fever, headache 
and stiff neck. Spinal fluid contained streptococcus mucosus. X-ray. 
No change. Simple mastoid. Serous fluid in cells. No fistule leading 
to tip. Death. Postmortem. In region of the internal meatus cells 
filled with pus. Erosion through to posterior fossa. No abscess in tip. 
Epicrisis. Faulty x-ray findings. Misinterpretation of quiescent 
period. 

Case 10.—F. R. N. Case C. Male, aged 26. Simple mastoid 
operation on September 3, 1931, in fourth week of an acute otitis 
in left ear. X-ray. Cloudy mastoid cells. Tip normal. Well pneuma- 
tized. Frontal headache continuous. Sixth nerve palsy on ninth post- 
operative day. X-ray September 21, 1931. Cranial surface petrous 
bone destroyed. September 23, 1931, upper border internal auditory 
canal destroyed. October 1, 1931, sudden development of facial 
cramps. Nystagmus and deafness. Second operation. Attempt made 
by method of Streit to reach tip failed. The operator then followed 
posterior canal wall. Broke into abscess in region of the saccus. Epi- 
crisis. Destruction of tip could be observed through serial x-ray pic- 
tures. Symptoms of a lesion of the posterior border are facial cramps, 


sudden deafness and vertigo. 


Case 11.—F. R. N. Case D. Female, aged 24. November 11, 
1933, acute otitis media, right. Severe earache. Paracentesis gave par- 
tial relief. X-ray. Well pneumatized to tip. Cells of mastoid cloudy. 
November 26, 1933, pain in ear worse—temperature rose, secretion 
increased. Simple mastoid on November 27, 1933. Pus and granula- 
tion tissue. Streptococcus hemolyticus. Pain relieved. December 8, 
1933, secretion increased. Neuralgiaform pain right side, especially 
severe at night. X-ray. Cloudy tip, septa not visible. December 21, 
1933, more absorption of septa. December 26, 1933, operation, tech- 
nic of Ramadier. Hazelnut sized cavity found. Complete relief from 
pain but labyrinth irritation, facial paralysis and deafness resulted. 


Case 12.—Ed R. R. Case A. Male, age not given. Side not 
given. Three weeks following a simple mastoid operation a profuse 
discharge appeared from the middle ear. Mastoid dry. Persistent 
pain in temporal region and eye. The dura was exposed over the 
antrotympanic region. A copious discharge from the depth of the 
wound took place at a subsequent dressing followed by prompt re- 
lief from pain. Recovery. 

Case 13.—Ed R. R. Case B. Age-and sex not given. Nineteen 
days after left mastoid operation patient developed severe pain in 
left temple and external canthus of eye. Lacrimation and occular 
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distress. On the 22nd day the temperature rose to 102. Pain left 
temple and in and about left eye. On the 40th day paralysis of the 
external rectus. Eightieth day, facial paralysis. Death on the 120th 
day. Postmortem. Destructive ostitis of the superior surface of the 
petrous bone near its apex. Meningitis. Death. 


Case 14.—S. B. Male, aged 39. Mastoid operation right on 
March 30, 1932, on account of an acute otitis media. Chilly sensations 
after operation. Eight days later temperature rose to 103.6. Discharge 
increased. Intense pain right side head and behind orbit. Chill next 
day. Negative blood. Symptoms subsided. Nineteen days after oper- 
ation temporal and orbital pain again became severe, diplopia and 
ataxia developed. No vertigo or nausea. At noon that day pain sud- 
denly ceased. Partial loss function vestibular mechanism. X-ray. 
Absence tip of petrous. Two days later operation converted into a 
radical. Tip entered Almour and Kopetzky method. No pus found. 
Patient recovered. 


Case 15.—C. H. S. Male, aged 12. Simple mastoid right six 
years before. Complete recovery. March 10, 1933, mastoid cavity 
infected. Incision, drainage. March 25, 1933, violent headache, vom- 
iting, restlessness. Temperature 103. Drowsy, rigidity of the neck. 
Kernig positive. Spinal fluid cloudy, increased pressure, 8400 cells; 
no organisms. Mastoid wound revised, dura exposed. Symptoms per- 
sisted. April 1, 1933, paroxysmal pain around right eye. Radical 
mastoid. No epidural abscess found at tip. April 6, 1933, two-thirds 
ounce of pus aspirated from right temporosphenoidal lobe. April 15, 
1933, right frontal pain increasing. Again investigated tip. Abscess 
found one and one-half inches deep. Discharged May 24, 1933. 
Recovered. 


Case 16.—E. P. F. Case A. Male, aged 37. Mild earache, left, 
for four weeks prior to admission. Evening before developed severe 
pain left frontal and parietal regions. Temperature 106.5. Became 
comatose. Symptoms of meningitis. Myringotomy, no pus. Spinal 
fluid, pneumococci, type III. Died within twenty-four hours. X- 
ray after death. Tip cells left not distinct. Postmortem. Micro- 
scopic. Pneumatic cells filled purulent exudate. Signs of chronic 
inflammation. Microscopic communications with dura. 


CasE 17.—E. P. F. Case B. Male, aged 21. Pain both ears— 
paracentesis, relief, no drainage. Six days later severe pain left ear. 
Delirium. Neck stiff. Kernig positive. Spinal fluid 5000 cells, pneu- 
mococci, type III. Thin fluid drainage from left ear. X-ray. Mastoid 
cells cloudy. Simple mastoid. Death. Postmortem. Meningitis base, 
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no macroscopic portal visible in dura. Microscopic dehiscence above 
carotid canal through which infection invaded carotid artery. 


Case 18.—E. P. F. Case C. Male, aged 24. Two months before 
admission otitis media with paracentesis. Three weeks later developed 
right frontal headache. Meningeal symptoms developed thirty-six 
hours before admission. Pneumococci type III in mastoid. Simple 
mastoid operation. Died four days later. Postmortem. Meningitis. 
Dura over mastoid perforated. More medially in region gasserian 
ganglion bone soft and crumbly. Microscopically all bone filled with 
purulent exudate. Labyrinth practically sequestrated. Break in wall 
of the internal auditory meatus caused the meningitis. 


Case 19.—E. P. F. Case D. Male, aged 45. Chronic otitis me- 
dia, off and on for twenty years. One day the discharge ceased, fol- 
lowed by severe pain right side of head lateral to eye. Three days 
later developed meningitis. Spinal fluid 3000 cells. No organisms. 
Simple mastoid, cholesteatoma. Relief for five days, then headache 
reappeared. Patient died two weeks after admission. Postmortem. 
Abscess right temporal lobe. Pus could be seen draining into men- 
inges from the petrous tip. 


Case 20.—E. P. F. Case E. Female, aged 54. Chronic otitis 
media left following scarlet fever at 12 years of age. Diabetic. 
Radical mastoid to eradicate discharge. Discharge continued. Opera- 
tion revised one month later. Five months after operation came in 
with severe frontal and occipital headache on the left side. Attacks 
of vertigo and fainting. Stiff neck. Babinski positive. Spinal fluid 
800 cells, hemolytic streptococci. Death. Postmortem. There was 
a break in the dura over the petrous. Purulent labyrinthitis and 
petrositis. 


CasE 21.—-E. P. F. Case F. Female, aged 35. Developed otitis 
following scarlet fever at age of ten. Admitted on account of hyper- 
tension and nephritis. Developed otitis both ears, especially right. 
Paracentesis. Hemolytic streptococci. Simple mastoid. Died a few 
days later. Symptoms of meningitis. Postmortem. Subdural abscess 
beneath right temporal lobe whose base lay in a petrous tip abscess 
which had ruptured through the cortex. 


Case 22.—E. P. F. Case G. Male, aged 7. Admitted December, 
1930, with otitis media left. Simple mastoid. Discharge continued. 
One year later radical operation. Middle ear filled with pus and gran- 
ulation tissue. December 27, 1931, rise in temperature. February 25, 
pain left eye. Low grade fever. X-ray. Apparent destruction upper 
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margin petrous tip. Operated March 9. There was an area of necrosis 
and a fistula in the roof of the eustachian tube which led into abscess 
in the tip. Uneventful recovery in three months. 


Case 23.—W. S. G. Female, aged 9. On July 26, 1932, follow- 
ing measles, patient was operated on for mastoiditis on right side. 
Symptoms subsided. August 17, high temperature. Headache ex- 
tending behind right eye. Partial facial paralysis and sixth palsy. 
Discharge from ear increased. Reoperation September 2. Fistula 
found behind and below semicircular canals. Headache and eye pain 
disappeared. Some nystagmus, spinal fluid negative. Uneventful 


recovery. 


Case 24.—E. A. S. Female, aged 6. Acute otitis. Paracentesis 
December 26, 1931. Mastoid operation January 4, 1932. Pneu- 
matic mastoid. Following operation child complained of left retro- 
orbital pain. Low grade sepsis. Pain worse at night. Vomited once 
on January 28, 1932. Temperature rose to 103.4. Neck stiff. Kernig 
positive. Spinal fluid 2000 cells, no organisms. February 1, 1932, 
radical mastoid. Explored eustachian tube region, no caries. Traut- 
man’s angle explored, found necrotic cells leading under labyrinth. 
Pus found. Patient’s general condition improved. A few days later 
developed a septic temperature. Reoperation. Septic thrombus found 
in lateral sinus. Removed. Jugular ligated. Uneventful recovery. 


Case 25.—N. v. S. Female, aged 55. Mastoid operation right 
following acute otitis on August 23, 1932. Pneumatized mastoid. 
September 8, 1932, favorable progress. At end of September pain 
frontal, parietal and orbital. Discharge continued from ear. Some 
nausea. X-ray. Stenvers position, extensive lesion of the petrous 
portion, trabecule broken down. Absence of upper border. Septem- 
ber 24, third operation. Radical mastoid, no fistule found. Tubal 
region examined. Impression that pus came through peritubal cells. 
General condition improved. December 29, pain returned, very se- 
vere, rise in temperature. December 31, fourth operation, method of 
Striet. Extradural abscess at tip. January 10, 1933, sequestrum re- 


moved. Recovery. 


Case 26.—J. M. T. Male, aged 17. Simple mastoid operation 
September 2, 1933, following an acute otitis media. Patient has been 
suffering with severe pain occipital and parietal regions. The pain 
persisted after operation, as did the fever and discharge. October 4, 
1933, diplopia. October 20, 1933, facial palsy, right. Temperature 
and pain absent. Spontaneous nystagmus and past pointing to right. 
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X-ray. Stenvers position. Resorption of petrous tip. Contours of 
pyramid wiped out. November 23, second operation. Revision of 
mastoid. No fistula found. Dura raised from upper surface of 
petrous. No findings. Radical operation. No fistula in tubal region. 
Upper surface of petrous resected. Dura raised. Medial to semicircu- 
lar canal prominence, 5 cm. of pus found. Both sixth and seventh 
palsy improved. Patient recovered. 


Case 27.—S. J. K. Case A. Female, aged 12. On February 3, 
1934, following scarlet fever, right purulent otitis. Vomited. Marked 
neck rigidity. Projectile vomiting. Spinal fluid cloudy and under 
pressure 1089 cells. No organisms. X-ray. Extensive pneumatization, 
base plate shows obliteration cell structure on right, with beginning 
rarefaction at tip. Vertical nystagmus. Simple mastoid. Little pathol- 
ogy. Radical operation. No fistula, epitympanic, antrum or peri- 
bulbar. Fistula found at mouth eustachian tube. Probe led to the 
petrous tip. Dehiscence in superior surface of petrosa. Lipiodol inject- 
ed into fistula at tubal orifice; this forced two teaspoonsful of thick 
pus out between superior and horizontal canals. Eye pain disappeared 
immediately, other symptoms gradually. 


Case 28.—S. J. K. Case B. Female, aged 2. On June 2, 1934, 
simyle mastoidectomy following an acute left otitis. Pain midfrontal 
area. Fever ranged as high as 104. X-ray showed a suppuration of 
left petrous apex. Second operation. Revision, no fistula found. Con- 
verted into a radical. A fistula was later found at mouth of eusta- 
chian tube. This was curetted and packed. Air forced into fistula 
caused pus to ooze from area located anterior to vertical semicircular 
canal. Tract curetted. June 6, 1934, temperature rose to 102.6. 
Dropped by lysis on June 14, 1934. A slight facial weakness was 
noted which disappeared in six days. 


Case 29.—S. J. K. Case C. Male, aged 6. Simple mastoid oper- 
ation on right following an acute otitis which complicated an attack 
of measles. Coalescent mastoiditis. Extensive pneumatization. Had 
a postoperative low grade otitic sepsis. Vomited twice. Discharged 
from hospital April 13, 1935. On April 14, 1935, developed pain in 
right eyeball. A discharge reappeared from ear. Eye pains, nocturnal 
in character, increased in severity. Fever continued. Diagnosis of 
suppuration of the petrous apex made on April 11, 1935. X-ray. 
Definite bone absorption and halisteresis of right petrous tip. Re- 
operation April 20, 1935. A fistulous opening was found situated 
behind the superior semicircular canal leading into an abscess in the 


tip. Uneventful recovery. 
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Case 30.—S. J. K. Case D. Male, aged 19. Simple right mas 
toid operation on February 24 following an otitis media complicating 
an upper respiratory infection. About forty days later developed a 
pain in the right eyeball and side of head. Low grade sepsis. Some 
vertigo. X-ray. Diminution of aeration in basal portion of right 
petrous pyramid. Apex showed loss of trabeculation, aeration, and 
decalcification. Profuse otorrhea. Horizontal nystagmus to left. 
April 23, reoperation. Large fistula found in the quadrant between 
horizontal and superior semicircular canal. It extended for two and 
one-half inches into the tip. Low grade septic temperature continued. 
April 30, external rectus palsy. Swelling lateral pharyngeal wall. 
Hypoglossal palsy. Swelling was incised and drained. Pus. Conva- 


lescence uneventful. 


Case 31.—S. J. K. Case E. Female, aged 15. Right simple mas- 
toid on April 10, 1933, following an otitis media of twenty-one 
days’ duration. X-ray. No evidence of pathology in petrous apex. 
Extensively pneumatized mastoid. All pain disappeared April 21. On 
April 23, definite supraorbital pain developed. On dressing mastoid 
a fistula was found leading inward toward the petrosa and located 
in vicinity of antrum. Pus was found when the tract was probed. 
X-ray. Definite osteoporosis with loss of cellular detail. April 25, 
headache severe. April 26, reoperation. Fistula enlarged. Probe 
entered one and one-half inches into petrous apex. Supra-orbital 
pain continued until May 4. Low grade temperature continued to 


May 12. Uneventful recovery. 


Case 32.—S. J. K. Case F. Male, aged 10. Left simple mastoid 
on March 8, 1934, following an otitis media which developed after 
pneumonia and scarlet fever. On March 27 sudden appearance of 
nausea and right otalgia. Profuse discharge. Severe headache in tem- 
poroparietal region. April 4, 1934, mastoid reopened. Headache re- 
lieved following revision. Pain returned, especially in and about the 
right eye. Low grade fever. Suggestive weakness right external rec- 
tus. X-ray. Marked decalcification of the right petrous apex with 
loss of trabeculations. April 11, 1934, reoperation. No fistula found. 
Radical. Fistula found at mouth of eustachian tube. Lipiodol injected 
into tract showed a perforation of petrous apex at the inner wall near 
or above inferior petrosal sinus. Child discharged from hospital 
April 26, 1934. On May 20, 1934, complained of severe sore throat 
and headache. May 24, nucal rigidity. Spinal fluid cloudy, 12,000 
cells. Culture, streptococcus hemolyticus. Meningitis. Reoperation. 
Large abscess found in right temporosphenoidal lobe. May 26, par- 
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tial paresis right external rectus. Bilateral Kernig. Child died June 
5, L954 


Case 33.—S. J. K. Case G. Male, aged 10. Left simple mastoid 
in latter part of March, 1933, following a malignant form of scarlet 
fever. Stormy postoperative period. For four months both middle 
ear and mastoid drained profusely. Headaches on right side. July 
6, 1933, secondary operation. No benefit. Pain in region of left eye. 
General condition poor. X-ray. Left tip partially decalcified. Sep- 
tember 2, 1933, diagnosis empyema left petrous apex. Operation. No 
fistula found. Radical. Fistula at tubotympanic orifice leading into 
tip. Probe entered abscess. Uneventful recovery. 


Case 34.—S. J. K. Case H. Male, aged 8. Left simple mastoid 
on May 26, 1933, following an acute otitis. X-ray prior to opera- 
tion showed slight degree of osteoporosis. Left tip, no destruction, 
not well pneumatized. Postoperative low grade sepsis. June 10, pain 
in left eye. Continued profuse otorrhea. Slight paresis left external 
rectus. June 15, x-ray. Further decalcification. June 20, reoperation. 
Radical. No fistula found. Almour operation. Pus found. Impaired 
function of facial after operation. June 22, abducens palsy com- 
plete. Some eye pain. Uneventful recovery. 

Case 35.—S. J. K. Case Il. Male, aged 28. On September 26, 
1933, a radical mastoid operation right side for chronic mastoid sup- 
puration and pain in right side of head and temporal region. Wound 
healed. Pain in right temporal region continued. Low grade fever 
persisted. October 16, pain still present. November 3, pain right 
temporal region constant. Fever. November 14, x-ray. Suppurative 
lesion petrous apex. Reoperation November 15. Fistula in region of 
tubal orifice. Probe entered abscess. Uneventful recovery. 


Case 36.—S. J. K. Case J. Female, aged 10. On December 22, 
1933, a right simple mastoid operation following a severe otitis with 
symptoms of meningeal irritation. Coalescent mastoiditis. X-ray. 
Aeration right petrous markedly diminished. No evidence of bone 
destruction. Low grade postoperative sepsis. Middle ear dry, mastoid 
continued to drain. X-ray, March 26, 1934. Marked diminution 
aeration of petrous tip, trabeculx visible. Contours normal. Diag- 
nosis: Suppurative petrositis with adequate drainage. March 29, 1934, 
reoperation, a fistulous tract found leading into petrosa beneath the 
posterior semicircular canal. Fistula enlarged, uneventful recovery. 


Cask 37.—E. M. S. Female, aged 34. A patient who had been 
pregnant for seven months and who had suffered with a glomerular 
nephritis developed an acute otitis media in the left ear late in De- 
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cember, 1932. A simple mastoid operation was performed on Jan- 
uary 22, 1933. The following day she developed pain in the left eye 
and ear. The pain was paroxysmal in character, excruciating in 
degree and worse at night. Her temperature was normal. She vomit- 
ed repeatedly. I first saw her on February 4, 1932. An x-ray taken 
at this time showed a destruction of the petrous tip. There was a 
profuse discharge from the external auditory canal. Operation Feb- 
ruary 5, 1933. Mastoid wound revised. The zygomatic area and the 
region surrounding the semicircular canals were explored without 
finding a fistula. ‘No paralabyrinthian cells were found. The dura 
over the petrous tip was raised and an unsuccessful attempt made to 
penetrate the tip with a sharp probe. Following the operation the 
pain continued unabated. The temperature was normal. On Febru- 
ary 6, 1932, the patient developed an external rectus palsy. A radical 
mastoid operation, to be combined with an Almour-Kopetzky opera- 
tion, was advised but refused by the patient’s relatives. The patient’s 
general and local condition gradually improved. She was discharged 
from the hospital on March 17, 1932. The ear continued to drain 
for several wecks. All symptoms gradually subsided. Her hearing 
was but slightly affected. 

Case 38.—T. R. G. Case A. Female, aged 9. Patient had been 
suffering with pain in and behind the right eye and a discharge in 
right ear. Simple mastoid operation June 1, 1934. Sixth nerve palsy 
with double vision two days after the mastoid operation. Low grade 
sepsis. External canal dry one week after operation. Basal x-ray 
showed large area of necrosis involving the entire area of the tip. The 
a. p. view showed that the line of superior ridge of petrous bone 
was broken. June 23, operative wound revised. Jusc above hori- 
zontal semicircular canal a fistulous tract was found leading to a 
large cavity. Drained with rubber tissue. June 29, spasmodic pain 
had disappeared. July 14, no double vision. Hearing is normal in 
right ear for all forks and whispered voice. 


Case 39.—T. R. G. Case B. Male, aged 31. Patient had otitis 
media in left ear for eight weeks. Low grade pain in ear and tem- 
poral region. Intermittent discharge. April 11, 1932, x-ray showed 
cells in left mastoid area blurred with some breaking down of septa. 
Refused operation. April 22, 1932, sudden attack of vertigo, vomit- 
ing and spontaneous nystagmus. Patient had fallen. Hearing much 
reduced in left ear. Basal plates showed some clouding in left tip. 
April 23, 1932, simple mastoid operation. Pus under pressure. No- 
crotic bone. Just posterior to horizontal canal sinus was found from 
which pus came out under pressure when probed. Tract was enlarged 














SUPPURATION OF THE PETROSAL PYRAMID. 1083 


and passed posterior to the labyrinth into a large cavity in the tip. 
Rubber drainage used. April 24, rotary nystagmus persisted, also 
headache. Between May 11 and May 15 patient presented symptoms 
suggesting brain abscess. These subsided spontaneously. Discharged 
from hospital May 22. Hearing in left ear considerably impaired. 


Case 40.—T. R. G. Case C. Female, aged 10. Following a cold 
on January 3, 1933, child developed otitis media in the left ear. 
Spontaneous perforation. Pain became more severe. Simple mastoid 
operation on January 15, 1933. Continued to have a low grade fever. 
On January 30, 1933, began to complain of pain in left eye and also 
stiffness of neck. At this time external canal which had become dry 
began to discharge. The mastoid drainage increased. Pain and rest- 
lessness worse at night. On February 10, 1933, the operated wound 
was revised. Necrotic bone was found posterior to the horizontal 
canal. Above the anterior vertical canal a fistula was found and a 
probe passed through this opening dropped into a large cavity. 
Wound was drained with a rubber drain. The spasmodic pain and 
stiffness in the neck did not reappear. Recovery was uneventful. 
Two years later her hearing in this ear was practically normal. 


Case 41.—H. B., aged 16, sex not given. Child developed an 
influenza otitis, one week later developed measles. Two weeks fol- 
lowing this developed orbital pain and continued temperature. Sim- 
ple mastoid operation. Large pneumatic cells. One week after opera- 
tion, orbital pain, headache and fever occurred. Reoperated, zygo- 
matic cells cleaned out. Meningitis, death. Postmortem. Petrositis, 
subdural abscess and meningitis. 
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In an attempt to clarify the clinical picture of suppuration of 
the petrous pyramid we have reviewed and classified the symptoms 
and findings of 112 cases reported in the literature during the past 
ten years. This data together with personal experience with four 
cases constitutes the groundwork of this paper. 


It must be mentioned that these cases have been reported for 
various reasons, some to emphasize a particular symptom or group of 
symptoms, others to differentiate or distinguish this clinical entity 
from the oft-confused Gradenigo’s syndrome. Some of the case 
reports do not contain important data and doubt may be entertained 
as to the accuracy of the diagnosis in many. Of the 112 cases cited 
71 per cent recovered, and 29 per cent succumbed as a result of 
complications. 

The onset of the eye pain following mastoidectomy averaged 
17.3 days in the 82 case reports mentioning the fact. The pain was 
emphasized in a majority of reports as being the most constant and 
characteristic symptom. It is located in and around the eye, in the 
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temporoparietal region, sometimes reflected to the occiput of the 
affected side. At first it is usually nocturnal, described as a feeling 
of deep pressure from behind the eyeball. During the progress of the 
disease the periods of severe pain may change. It may occur during 
the day, the severe pain usually lasting a few hours at a time with 
intermittent periods of partial or complete relief. If questioned care- 
fully, the patient is found rarely to be entirely free from pain in 
the parietal region. If seen the day following a nocturnal attack it is 
hard to realize the extent of the suffering described by the patient. 


Both Kopetzky' and Eagleton* stress this peculiar eye pain as 
being highly significant in making a diagnosis of petrous pyramid 
suppuration. 


Vail,” speaking of greater superficial petrosal nerve neuralgia, 
says: “This neuralgia is of extreme diagnostic importance when we 
are dealing with a case of suppurative otitis, because one should look 
upon the complaint of pain around the eye, back of the eye, in the 
temporal region and back of the head as pathognomonic of irritation 
somewhere in the course of the greater superficial petrosal nerve and 
that place can only be in the petrous apex.” 


In an acute encapsulated type the eye and associated pains in- 
crease in duration and intensity until drainage is afforded, by surgi- 
cal means or by rupture of the cortex of the petrous pyramid allow- 
ing escape of the pus into the cranial cavity. In the latter event, the 
patient usually goes into the so-called stage of quiescence. The stage 
of quiescence is characterized by a diminution of the symptoms. 
The patient is relieved from the intense pain, is less apprehensive and 
feels generally improved. This stage lasts from a few days to two or 
three weeks, when the terminal stage of acute septic meningitis or 
epidural abscess follows, depending upon the rapidity with which 
the discharge invades the cranial cavity. 


Besides being the most characteristic symptom, the pain to 
some extent signifies the type of lesion: should the attacks of pain 
increase in intensity and in duration, and the intermittent periods 
of relief become shorter, especially with a lessening amount of dis- 
charge, it is evident that one is dealing with the encapsulated type 
and that surgical drainage must be considered. On the other hand, 
should there be lengthening intermittent periods of relief, with cor- 
responding periods of normal temperature and a lessening of the 
severity and duration of the pains, the outlook is more favorable for 


a spontaneous cure. 
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Kopetzky' points out two types of acute suppuration: 


(a) The ones in which the petrositis is encapsulated and acute 
and constitutes a threat to meningeal infection. 


(b) Those in which the infection has broken outward and 
formed a fistulous tract toward the middle ear. 


The latter type of case will heal spontaneously or continue as 
a chronic suppuration. 

Both of these types occur in pneumatized bones. 

Eagleton” discusses an osteomyelitis extending through marrow- 
filled cancellous tissue to the apex with abscess formation. 

The discharge from the ear is continuous from the onset of the 
otitis or reappears in from two to six weeks following mastoidectomy. 
In fifty-three cases collected from the literature where the facts 
were given it was continuous in thirty-six and reappeared in seven- 
teen. In four cases of my own, two were acute with continuous 
discharge, and two were chronic, with intermittent discharge over a 
period of years. 


Many patients with continuous aural discharge following mas- 
toidectomy, pain in the parietal region and a low grade temperature, 
are reoperated with the hope of finding an overlooked focus in the 
mastoid, an epidural abscess or a perisinus abscess; eventually it is 
discovered that the discharge has its origin in the petrous pyramid 
and is finding its way to the middle ear through a fistulous opening. 


An overgrowth of unhealthy, poorly nourished granulation in 
the mastoid or middle ear, found at reoperation, may designate the 
presence of a fistulous tract leading into the petrous pyramid. These 
cases require most careful watching with frequent dressings. The 
amount of discharge taken in relation to the severity of the attacks 
of pain often indicates the progress of the condition. 

The bacteriology in the reported cases was predominantly strep- 
tococcus, of the hemolytic variety. Pneumococcus, types three and 
four, and hemolytic staphylococcus albus followed in order. 

The temperature is of a low grade, septic type, rarely exceeding 
102 F., and usually the average is 100° F. or below during the day, 
except in the terminal stage. Normal temperature for two or three 
successive days is not unusual in the less severe types. 

The blood picture of uncomplicated cases shows only that a 
mild infection is present, causing an increase of leucocytes from 
10,000 to 15,000. The eyegrounds usually show no change. 
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Dependence should not be placed on a single roentgenogram of 
the petrous pyramid. In cases of acute mastoiditis, occurring in ex- 
tensively pneumatized temporal bones, the petrous pyramid will 
usually show a density corresponding to that of the mastoid. 

Taylor states that “every change in the roentgenographic ap- 
pearance of the petrous apex does not indicate a suppurative lesion 
of the petrous apex.” 

Law’ says “that it is not possible to make a diagnosis of petrous 
pyramid suppuration on the x-ray alone.” 


A recent case of operative mastoid on the right side showed an 
increased density of the left petrous pyramid when roentgenographed. 


Coates, Ersner and Myers* had a similar experience in nine cases 
showing roentgenographic changes in the petrous pyramid. Case 
No. 8 of this series with bilateral mastoidectomy showed symptoms 
(Gradenigo’s syndrome) on the left side, while the roentgenogram 
revealed changes in the petrous pyramid of the right. 


As recommended by many otologists, x-ray plates should be 
made of the petrous pyramid at the time of the first mastoid x-ray, 
so that they may be available for future use should involvement of 
the petrous pyramid be suspected. The comparison of a series of 
roentgenograms of the petrous pyramid in suspected cases, beginning 
with the original mastoid exposure, and taken at intervals of a few 
days, is a valuable aid in arriving at a diagnosis. 

Nervous irritability is an important symptom. It differs from 
the early excitable irritability of meningitis in that it is more of a 
depressing type, characterized by crying and persistent pleading for 
narcotics to relieve the attacks of pain. The degree of nervous irrita- 
bility is in proportion to the severity of the symptoms. 

Many of these cases have symptoms of labyrinthitis, such as nys- 
tagmus, nausea and vomiting. They are usually transitory, lasting 
only one or two days, and may be easily overlooked. They are 
caused by the infection passing through the cells overlying the laby- 
rinth. 

Facial weakness occurs in some Cases; it is caused by an irritation 
of the facial nerve somewhere in its course through the petrous bone 
where it comes in close relation with an infected tract of cells. Like 
the labyrinthine symptoms, it is transitory, mild in character and 
may pass unnoticed. When present, these are significant symptoms, 
considered in conjunction with pain, discharge and low grade septic 


tem perat ure. 
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Paralysis of external rectus muscle occurred in more than 50 per 
cent of the case histories in the literature. It is not necessarily a 
diagnostic symptom, occurring as it does in the Gradenigo’s triad, 
and at times associated with lateral sinus thrombosis. In two of my 
four cases, sixth nerve paralysis occurred, but only after a prolonged 
period of pain, low grade temperature and persistent discharge. It is 
usually a late symptom occurring when the infection has reached 
the very tip cells of the petrous pyramid, involving the dura over 
Dorello’s canal. 


Acute cases of suppuration of.the petrous pyramid occur most 
frequently in association with pneumatized mastoid bones. This fact 
should be borne in mind at the time of the mastoid operation. 


Carmack” states: “There is every anatomic reason for extension 
of an inflammatory process into the cells of the pyramid, with otitis 
media, similar to that occurring in a mastoid process.” 


REPORT OF CASES. 


Presenting more or less a typical clinical picture of acute sup- 
puration of the petrous pyramid relieved by the removal of obstruct- 
ing granulation tissue: 


Case 1*.—Mrs. M., 26 years old, white, was operated upon for acute coalescent 
mastoiditis in the Bryn Mawr Hospital, February 7, 1934. The bone was pneu- 
matic, the cells extending well into the zygoma and deep over the anterior wall of 
the tip. 

Except for parietal pains, which were attributed to an accompanying acute 
sinusitis, and an occasional rise of temperature to 100°, the course for two weeks 
following operation was fairly normal. There was still some purulent discharge 


from the canal and mastoid wound. 


During the night of the fourteenth postoperative day severe pains in back of 
the eye and temple kept the patient awake in spite of large doses of morphin. 
The next day more pus was present in the canal and mastoid wound. The patient 
cried a great deal, complained of eye pain and pains in the back of the head. 
Roentgenogram of the mastoid showed ‘a few cells remaining in lower anterior 
portion of the mastoid and in the zygoma. No evidence of epidural abscess.” Two 
days later mild nystagmus was noticed. It could only be seen when the eyes were 
turned to the extreme position. The nystagmus and some nausea lasted for three 
days. Examination by a neurologist was negative. Eyegrounds were negative. Two 
days later, February 25, the neurologist and ophthalmologist re-examined the pa- 


tient, with negative findings. Blood cuJture was reported negative. 


From February 25 te March 21, the symptoms were much less severe; the 
temperature was normal for periods of three to six days; the discharge continued 


from the wound and the canal. 


*This case has previously been reported. 
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March 21, five weeks after the original operation, the mastoid wound was re- 
opened. The antral region was filled with unhealthy granulation tissue; no infected 
cells were found. Large areas of the dura were exposed over the temporosphenoidal 
lobe, and over the lateral sinus but were found normal. The findings were dis- 
appointing. 

For two or three days following, the discharge and the severity of the pains 
were lessened. On the third day following the second operation paralysis of the 
right external rectus muscle appeared, the discharge was more profuse and the pains 
were increasing in intensity and becoming more continuous. A roentgenogram of 
the base of the skull revealed definite cellular development in the petrous pyramid 
On the right, the affected side, the detail was obscured, the cell 


A diagnosis of suppuration of the petrous pyramid was 


of the left side. 
walls being barely visible. 
made. 

For ten days following there was a decided diminution of the severity of the 
pain. The temperature was normal for periods of three days at a time. The dis- 


charge was more profuse, and the patient showed less nervous irritability. 


On the 9th of April, twenty days after the second operation, the patient had 
a very bad day with continuous severe pains and increased nervous irritability. Dr. 
F. C. Grant, in consultation, found no localizing evidence of brain disease. Dr. 
Samuel J. Kopetzky, called in consultation, verified the diagnosis of suppuration of 
the petrous pyramid and advised operation. 

The old wound was reopened and converted into a radical mastoid cavity; 
the middle ear cavity contained unhealthy granulation tissue. Search was made for 
fistule leading into the petrous pyramid. Three were found: First, from the pre- 
tubal area with an opening 2 mm. in diameter amd extending for 3 cm. into the 
petrous pyramid; second, from the prebulbar cells extending for 4.5 cm. inward; 
and third, from behind and above the superior semicircular canal extending into 
the petrous pyramid for 2 cm. These fistule were gently probed. No further opera- 
tion was thought necessary for drainage. 

Immediately following the operation iodized oil was injected into the pretubal 
fistula and roentgenogram showed it to reach the petrous apex. 

The pain gradually lessened until complete disappearance in one week. The 
sixth nerve paralysis cleared up in two weeks. The discharge from the canal con- 


tinued in a decreasing amount until October 1, 1934, six months after operation. 


Bacteriologic examinations revealed hemolytic streptococcus as the infecting 
organism throughout the course of the disease. 

Presenti “a fairly rpical ‘linical -ycle f ac — sul; 

resenting a fairly typical clinical cycle Of acute encapsu ated 
suppuration of the petrous pyramid: 

Case 2*.—Male, colored, 46 years old, was operated upon at the Bryn Mawr 
Hospital for an acute mastoiditis of the right side. The two weeks’ postoperative 
course was normal except for a continuation of a slight purulent discharge from 
the ear canal. At the end of two weeks he complained of pain in the right tem 
poroparietal region, with an occasional pain around the eye of the corresponding 
side. 

The pain continued, with an increasing intensity at night; there was a slight 


rise of temperature, and continuation of the discharge from the canal. About ten 


*Note.—This case is not complete in detail, the hospital record being mislaid. 
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days following the onset of the pain, an external rectus muscle paralysis of the 
right side appeared. The symptoms continued for about one week after the onset of 
the paralysis of the sixth nerve, when suddenly one night the patient was relieved 
of his pain. When seen on the following day, he and those caring for him expressed 


the belief he was much improved. 

Three days later there was a sudden elevation of temperature, delirium coming 
on shortly thereafter, and the patient died from a septic meningitis. 

This case presents the clinical cycle of acute suppuration of the 
petrous pyramid with a short quiescent period. 


CONCLUSIONS. 


In the clinical picture of acute suppuration of the petrous 
pyramid we find: Attacks of pain, in back of, and around the eye, 
and in the temporoparietal region, associated with: 


i. Continuous or reappearing aural discharge. 

2. Continuous low grade septic temperature. 

3. Nervous irritability of the patient. 

4. Increasing involvement of the petrous pyramid by the infec- 
tion as shown by a series of roentgenograms. 


§. P'requently—External rectus muscle paralysis, transitory nys- 
tagmus, nausea and vomiting and facial weakness are found. 


CXII. 
C. Stewart Nasu, M. D., 
RocHeEsTeERr, N. Y. 


Chronic infection within the petrous pyramid presents the 
pathologic picture of a subacute suppuration. Clinically, it is an 
acute process that has quieted down and become symptomless except 
for a persistent otorrhea. 


When one realizes that an encapsulated suppuration within the 
apex can produce a definite set of acute symptoms, and that spon- 
taneous rupture of this encapsulation through a large fistulous tract 
can give permanent symptomatic relief, then we have the underlying 
picture of a beginning chronic petrous infection, and the term 
chronicity applies as long as the acute symptoms are absent and the 
otorrhea persists. 


The clinical picture of a chronic petrous infection is as follows: 
There has been a preceding acute tympanomastoiditis in a well-pneu- 
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matized mastoid and petrous apex. After a simple or even a radical 
mastoidectomy, the symptoms of an acute infection in the petrous 
pyramid (namely, first division pain, headache, profuse otorrhea, 
particularly through the external auditory canal, fever, and a possible 
external rectus paralysis) may disappear, leaving only a persistent 
otorrhea, which can be attributed to no other cause than a lesion in 
the petrous bone. The acute symptoms often subside without any 
operative procedure. Many of these cases heal spontaneously without 
further surgery, but if acute symptoms do recur, drainage and cu- 
rettement of the petrous pyramid usually relieve all symptoms, 
including the otorrhea. 


Briefly we shall discuss three cases which illustrate the chronic 
phase of petrous suppuration. 


REPORT OF CASES. 


Case 1.—A man, 42 years old, complained of intermittent earache in the 
right ear for about eight weeks, with only an occasional otorrhea. The x-ray 
examination showed average sized pneumatic mastoids of the adult type, made up 
mainly of small cells. The left appeared normal; the right was cloudy, with the cellu- 
lar outlines ill-defined, although the trabecule could be faintly seen. The roent- 
genologist stated that from a radiographic standpoint there was no evidence of 
cellular necrosis, but it had the appearance of an acute mastoiditis. The petrosx 
were pneumatic and clear. 

A simple mastoidectomy was performed, and after three weeks of normal 
convalescence he complained of severe pain over the right eye and had a profuse 
discharge from the external auditory canal. The report of the x-ray examination 


at this time was as follows: 


“The right mastoid shows the result of operative procedure with complete 
removal of cells in the mastoid portion of the temporal bone. The petrous area 
is opaque. As one compares the petrous pyramids, it is observed that there is a 
generalized diminution in aeration of those cells which lie at the base of the right 
pyramid. No cells are outlined toward the tip of the apex. The right pyramid 
shows moderate cloudiness, but there is no evidence of bone atrophy or decalcifica- 
tion such as is associated with suppurative petrositis. The appearance presented by 
the right pyramid is similar to that accompanying any inflammatory process of the 


mastoid.” 


At this time, four weeks after the primary operation, a secondary simple 
mastoidectomy was performed, with no relief of symptoms. Four days later the 
eye examination showed lateral rotation on the affected side slightly impaired. 


One week after the secondary mastoidectomy an x-ray report read as follows: 
“In comparing these radiographs with those taken previously, it is clear that the 
appearance of the right petrous apex has been definitely changed. It appears hazy 
and has lost in part the definition of the border; the left apex remains clearly 


defined. It seems justifiable to diagnose a right petrositis at this time.” 


Three weeks after the secondary mastoidectomy all symptoms except the 
otorrhea had disappeared. Several months have now elapsed, and the last report 
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concerning the patient was that the ear was still discharging, but the discharge 
was decreasing in amount. 


CasE 2.—A boy, 10 years old, had an acute earache, a headache, and a pain 
over the right eye, associated with a profuse aural discharge. These symptoms 
lasted for about ten days and then disappeared except for the otorrhea which had 
persisted for several months. Three days before consulting an otologist he devel- 
oped an unbearable pain over the right eye, a severe headache, a temperature of 
103, and double vision. A simple mastoidectomy was performed immediately; a 
complete external rectus paralysis and generalized meningitis followed, and_ the 
patient died. No x-rays were taken, and a petrous apex infection was not suspected 
by the surgeon in charge. This is obviously a neglected case and was one in which 


an apparently adequate petrosal egress became obstructed. 


CasE 3.—A woman, aged 22, had an acute otitis media, followed four weeks 
later by a simple mastoidectomy, which did not heal. Following this, she had 
occasional first division pain, headaches, and a slight afternoon temperature. Six 
weeks later a secondary simple mastoidectomy was performed, without affecting 
either the pain or the otorrhea. Gradually, however, all symptoms disappeared 
except the otorrhea, and she appeared well. This persisted for several weeks, and 
one would assume the acute quiescent period to be over and a definitely adequate 
fistula to have been established. Certainly the picture would justify the clinical 
diagnosis of a chronic petrous suppuration. 

This case came to my attention three or four months after the onset of the 
symptoms. She had severe first division pain and headache that could only be 
controlled by morphine, a septic temperature varying between 99.2 and 104, a 
definite external rectus paralysis, and a questionable Kernig sign. X-ray examina- 
tion showed an incomplete exenteration of the mastoid cells and a petrous pyra- 
mid with cloudiness suggestive of complete destruction. Lipiodol injected into the 
pyramid passed through a perforation and lay in the base of the cranium. Drs. 
Kopetzky and Almour operated on this patient, and she made a complete recovery. 


CONCLUSIONS. 


1. A chronic petrous infection is clinically an extended quiescent 
stage of an acute petrositis. 


2. Adequate drainage through a petrosal fistula explains the 


disappearance of the acute symptoms. 


3. Many of these cases heal spontaneously. 


4. A return of symptoms indicates obstruction in the fistulous 
tract which usually requires immediate operative interference. 

§. X-ray studies are necessary in determining the anatomic 
structure of the petrosa, in estimating the amount and character of 
the destruction, and in ascertaining whether or not the bony con- 
fines of the petrosa are intact. 


277 ALEXANDER STREET. 
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IV. THE FUNDAMENTALS OF THERAPY. 


CXIII. 


JOHN RaNpDOoLPH Pace, M. D., 
New York. 


My discussion of this subject has been simplified for me by the 
President’s suggestion that four questions be considered. 


1. “Are cells in the pyramidal portion of the temporal 
bone always infected in association with acute puru- 
lent otitis media or acute mastoiditis, and, if this is 
so, do not the great majority of all pyramid infections 
clear up after paracentesis or a simple mastoid 


operation?” 


My answer to the first question is that neither the cells in the 
pyramidal portion nor the cells in the mastoid portion of the tem- 
poral bone are involved to considerable extent in every case of acute 
purulent otitis media. But in every case in which infection has 
become established in the mastoid cells it will be found to involve to 
a very considerable extent those cells of the pyramid that surround 
the semicircular canals, and those that lie between the posterior semi- 
circular canals and the dome of the jugular bulb and those internal 


to the fallopian canal. 


Resolution takes place in these pyramidal cells in the majority 
of cases, but in a number worth considering the infection in them 
will be the cause of delayed healing, secondary mastoid operation and 
at times serious complications, which might have been avoided by 
drainage of these cells at the first operation. 


In a patient with a sclerotic mastoid process and a chronic puru- 
lent otitis media there is often little involvement of the mastoid but 
marked involvement of the cells at the base of the petrous pyramid 
and of the cells in the inner tympanic wall below the promontory and 
in front of it near the eustachian tube. Through these cells infection 
can travel into the petrous apex independently of infection in the 
mastoid cells. In radical mastoid surgery delayed healing and pro- 
longed discharge, often ascribed to an open eustachian tube, may be 
due to infection in these cells. The fact that many simple mastoid 
wounds heal without the removal of the deeper cells does not justify 
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leaving these cells to jeopardize even a small percentage of cases when 

they can be safely removed. 

2. “If a patient has an acute mastoid infection and a palsy 
of the sixth nerve on the same side, do these symptoms 
justify a radical operation at once, or is it advisable to 
widely open the drum and mastoid and await results?” 


Mastoiditis associated with paralysis of the sixth nerve alone has 
not, in my experience, justified radical exenteration of the petrous 
apex; neither does acute otitis media associated with palsy of the sixth 
nerve always necessitate operation on the mastoid, as is illustrated by 
the following case. A girl of fourteen had an acute purulent otitis me- 
dia of a few days’ duration, during which paralysis of the sixth nerve 
developed on the same side. To all appearances, x-ray findings, etc., 
she had a mild middle ear infection for which myringotomy alone 
was indicated. No other operation was performed, and as the otor- 
rhea ceased within a week and the palsy disappeared a few days later, 
the patient was discharged from the ward but was kept under obser- 
vation for several months in the clinic. She was seen as late as a year 
afterwards and had had no recurrence of symptoms. In my expe- 
rience sixth nerve palsy' has occurred so often in mastoiditis com- 
plicated by lateral sinus and jugular bulb infections without evident 
involvement of the petrous apex, that I am suspicious of jugular 
bulb involvement when sixth nerve palsy is observed. I was influ- 
enced by this sign in one case to investigate the sinus when other 
evidences of sinus involvement were not marked and was justified in 
doing so by finding a partial thrombosis of the jugular bulb. But 
when sixth nerve paralysis occurs after a simple mastoid operation in 
a patient with headache and but moderate fever it is sufficiently sig- 
nificant of deep cell involvement to warrant reoperation on the 
mastoid. 

3. “If this more conservative treatment is followed, what 
symptoms do you watch for that would indicate the 
necessity for more adequate drainage of the pyramidal 
cells?” 

Headache associated with delayed healing of the mastoid wound, 
or prolonged discharge from the middle ear with or without sixth nerve 
paralysis, calls for investigation of the mastoid with particular atten- 
tion to those cells around and below the semicircular canals in the 
petrous pyramid. When these symptoms persist after a radical mas- 
toid operation, the cells on the inner tympanic wall, below and in 
front of the promontory, should be examined, in addition to those 


near the semicircular canals. 
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4. “In other words, what are the points in the history, 
symptoms, the findings on x-ray and other methods of 
examination that indicate the immediate radical opera- 
tion of Kopetzky, Eagleton and others? What propor- 
tion of patients will develop a serious or fatal compli- 
cation as a result of being conservative, in the sense 
that a paracentesis and a simple mastoid operation is 


conservative treatment?” 


Only in exceptional cases is the radical procedure of Eagleton,” 
Kopetzky* and Richards' indicated or intended, but the points that 
more often call for investigation of the cells referred to in the petrous 
are principally those mentioned above, namely, headache with pro- 
longed discharge from the middle ear or the radical mastoid cavity, 
or headache with delayed healing of the mastoid wound. With these 
symptoms there may or may not be a sixth nerve paralysis, positive 
x-ray findings in the petrous pyramid, eyeground changes and vari- 
ous neuralgias. Persistent headache and discharge alone is sufficient 
to warrant reinvestigation of the wound and exploration of the deep 
cells. Experience has influenced me to be guided by the findings in 
each individual case and to follow gingerly and carefully the diseased 
structure deep into the petrous pyramid along the cells mentioned. 
In the cases that I have encountered, whatever infection there may 
have been deeper in the pyramid seems to have resolved after these 
cells have been removed, for the symptoms have subsided and the 
wounds have healed. One case that died of meningitis fifteen years 
ago after a simple and then a radical mastoid operation is perhaps 
an exception. My experience, I repeat, has been limited to the less 
severe types in which recovery occurred after exenteration of the 
cells around and below the labyrinth that may communicate with 
cells deeper in the apex. One other exception will be referred to 


later as a case of osteomyelitis of the base of the skull. 


The kind of operation to be adopted depends on the severity 
of the symptoms, the type of case and the degree of involvement 
found in the mastoid and tympanum. If the symptoms persist fol- 
lowing a radical mastoid operation on a patient with chronic puru- 
lent otitis media, but a normal labyrinth, and further operation is 
indicated, it seems safer to me to investigate the tympanic cells on 
the inner wall below and in front of the promontory with small 
curettes and a probe, as Bowers” did successfully in his case, with the 
hope of opening into a tract through which drainage may take place, 
rather than to use the burr, as Kopetzky" advises, notwithstanding 


his explicit measurements and directions. When the burr is used 
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along the route he describes in order to avoid the carotid and cochlea 
the danger of entering the dura where it dips into the hiatus fallopii 
seems to me to be a real one. When the labyrinth is dead and the 
severity of the symptoms warrants a more radical procedure, a modi- 
fication of the operation described by Richards,’ in 1927, in his report 
of eight cases would be my choice. 


As to “What proportion of patients will develop a serious or 
fatal complication as a result of being conservative in the sense that 
a paracentesis and a simple mastoid is conservative treatment?”— 
this would depend entirely on the type and severity of the cases 
involved. The simple mastoid operation, as it was performed quite 
generally some years ago, would be of no more use in the presence 
of deeply involved cells than would a paracentesis, but a simple 
mastoid operation with exenteration of the deep cells around the 
labyrinth would probably in most cases avert the necessity of the 


more dangerous operation. 


The radical removal of the apex may have to be undertaken 
when the pathology indicates it after the less dangerous exenteration 
of the cells approaching the apex has been performed without relief 
of symptoms or the discovery of a sinus tract leading to the deeper 
cells. The extensive operation, I think, applies only to cases with 
malignant involvement of the pyramid, and to the type with ad- 
vanced necrosis and epidural abscess due to suppuration associated 
with dead labyrinths in cases of chronic suppuration, such as Rich- 
ards’ reported. An approach through the internal or intrapyramidal 
route seems preferable. I think the operation is rarely, if ever, indi- 
cated in cases with an active labyrinth. In acute cases with active 
labyrinths in which the deep cells have been removed without relief 
of symptoms, and in complicated cases with osteomyelitis and cortical 
perforation at the apex that Eagleton” reports, the approach may 
be better by the temporal route. But I cannot speak from experience 


with these cases. 


Dwyer" also calls attention to the two different types of petro- 
sitis that occur with acute mastoid infection: Those that occur in 
pneumatic bone from infection in the middle ear and mastoid, and 
those that arise from infection in the nasopharynx, or from severe 
involvement of the sphenoid sinus are essentially osteomyelitis of the 
base of the skull. I have seen such a case at autopsy where the basilar 
process and the condyles of the occipital bone were softened by dis- 
ease. Such cases are, as he says, usually “doomed from the start,” 
and a very radical procedure may be justified. The more common 
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type of petrositis is that found in cases with pneumatic pyramids. 
This type will occur much less frequently when surgery for acute 
mastoiditis becomes generally more thorough. Interference with the 
lining membrane of the mastoid antrum and removal of the cells 
around the semicircular canals was discountenanced by some otolo- 
gists not so long ago, and some of us remember how severely Black- 
well was criticized before this Society for removing these cells and 
widening the aditus in his simple mastoid operation. Since then it 
has become more generally the practice to look for softened structure 
in this region and to follow it to its depth, which explains the fact 
that men whose technic is thorough in this respect tell me that they 
rarely see complications at the petrous apex. 


127 East 62ND STREET. 
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Neither pneumatization nor infection in the petrosal pyramid 
can in any way be associated with the great depression starting in 
1929, and it is only fair to assume that either consciously or uncon- 
sciously we have been dealing with some form of infection in this 
region for about as long as we have been dealing with acute infec- 
tions of the middle ear or mastoid, but as Eves has well said, “Previous 


to 1929, very few cases were diagnosed before autopsy.” 


All bone is capable of resisting a certain amount of infection 
but that containing red bone marrow, which consists of myeloid 
tissue and plays a réle in hemopoiesis, is more resistant than that 
of the pneumatic type. Obviously it is important to understand the 

*This paper was prepared by Dr. Mullin before his death, and was read by the 


Secretary of the Society. 
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character of the osseous structure or cellular development in the 
petrous pyramid if one wishes to thoroughly understand this infec- 
tious process. I have had the privilege of examining the splendid 
collection of temporal bones prepared by Dr. H. N. Glick of St. 
Louis. He demonstrated to me that in the majority of his specimens 
there exists a cellular communication between the middle ear, the 
mastoid, and that portion of the petrosal pyramid anterior to the 
cochlea. The whole group of cells may become infected during the 
same acute process and may all recover in exactly the same way. 


As Carmack has said, in the presence of otitis media, there is 
every anatomic reason for an extension of the inflammatory process 
into the cells of the pyramid similar to that into the mastoid process. 
Therefore, I believe that petrositis is a descriptive term which is as 
applicable as is the term mastoiditis. 


Dr. Glick’s specimens also show that a well pneumatized mastoid 
P P 

is not always associated with a well pneumatized petrous pyramid. 

This fact is also corroborated by the late Dr. Ziegelman, who said, 

“The cellular character of the mastoid is not a true index to other 

portions of the temporal bone.” 


When dealing with a case of acute otitis media of a highly septic 
type, an x-ray study of the cellular development in the mastoid and 
petrous bone should be made as soon as possible. This is routine with 
us and is the so-called base plate referred to by Kopetzky, Coates 
and others. Orbital and retro-orbital pain coming on at any time 
during this acute stage should arouse suspicion of infection develop- 
ing in the petrous cells. Continued pain, continued fever, continued 
aural discharge, or a reappearance of aural discharge after it has 
ceased, all indicate the necessity for further study. Roentgenograms 
of the petrous bone should be taken in different positions to show 
the pyramid at different angles; in this way we gain as much infor- 
mation as possible of the progress in cellular obliteration or bone 
changes. The combined x-ray findings must be correlated with the 
clinical course. That rare quality, surgical judgment, must determine 
the course to follow rather than dependence upon any dogmatic 
rules. 

In defining treatment, myringotomy and complete simple mas- 
toidectomy are conservative measures, while radical mastoidectomy 
and some surgical approach to the petrous apex are considered as 
radical measures. 

Granting that an adequate myringotomy has been done without 
relief of symptoms, then a complete simple mastoidectomy should be 














SUPPURATION OF THE PETROSAL PYRAMID. 1099 


performed, referring repeatedly to the roentgenograms so that no 
remote cells are overlooked. Following this and barring immediate 
meningeal signs, time should be given to determine what results may 
follow the complete simple mastoid operation. 


Should the symptoms progress rather than ameliorate, it is now 
time to do a radical mastoidectomy, making such an exposure that if 
a fistulous tract is present, it can be located and followed, or a suita- 
ble area prepared for surgical approach to the petrous tip. 


Should there be merely discharge without pain, meningeal signs 
or perilabyrinthitis in an individual whose hearing was normal pre- 
vious to the acute middle ear infection, then the important struc- 
tures in the middle ear should not be sacrificed by radical operation 
without serious consideration of the above factors, and until a suf- 
ficient period of time has elapsed to measure the results of a less radi- 
cal procedure. 


Before the radical operation is performed it is necessary to dif- 
ferentiate between Gradenigo’s syndrome and infection of the pet- 
rous apex. I heard Dr. Kopetzky discuss this subject lucidly and 
completely before the Pacific Coast Oto-Ophthalmological Society. 
He has given us some very definite statements, namely, “No diagnosis 
should rest solely on roentgen film findings.” And again, “Every 
other lesion which could cause similar symptoms must be eliminated 
to establish the facts which make the diagnosis,” and I would add to 
this latter statement that it applies very definitely to sixth nerve 
paralysis. And lastly, he said, “All cases of petrosal infection are not 
similar; hence, no one procedure is applicable to all.” 

I feel that he might well have confined his words of wisdom to 
the above statements, since it is not so easy to agree with that said 
in a later article in collaboration with Almour, namely, “With the 
arguments which are advanced to advocate limiting of surgery to 
simple mastoidectomy we have little sympathy. The place for so- 
called conservatism is not scientifically grounded.” 

Our series is limited to seven cases, six of our own and one seen 
in consultation. One case, that died of meningitis, I feel could have 
been saved if we had known as much about this condition then as 
we now do. The case seen in consultation I feel might have been 
saved from meningitis by an earlier complete simple mastoid opera- 
tion. After a complete simple mastoidectomy in which all the cellu- 
lar ramifications were followed, one patient had a temporary facial 
paralysis which later fully recovered. Her mastoid wound, however, 
discharged for forty-eight days. It eventually healed and has been 
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well for four years. Another case, a growing boy with a large cellu- 
lar mastoid and acute mastoiditis, has no symptoms of petrous infec- 
tion other than positive x-ray findings and slight discharge from 
the mastoid wound following operation, and is still under observa- 
tion. His mastoid has been thoroughly cleaned out and we feel very 
definitely that his wound will heal. The point I make is that three 
cases have made complete recovery following a complete simple mas- 
toid operation during the acute stage. They required patience and 
long after-treatment. Two other patients required radical operations 
and two died. 


GAY. 
IsipoRE FrRIESNER, M. D., AND 


J. G. Druss, M. D., 
New York. 


The early literature, our own clinical experience and the more 
recently reported experiences of Voss, Baldenwick, Ruttin, Sears, 
Perkins, Neumann, Coates, Ersner and Myers, and many others lend 
support to our belief that suppuration confined within the petrous 
pyramid has a marked tendency to heal spontaneously. This fact is 
based, obviously, upon such widespread clinical experience that it is 
patent that the presence of suppuration in the petrous pyramid is 
not, per se, an indication for immediate operation upon that struc- 
ture. This phase of the subject, viz., spontaneous healing, has been 
so thoroughly presented that we prefer to spend the time allotted 
to us in a discussion, chiefly, of the fundamentals of surgical therapy. 


In this, as in other diseases, anatomy and pathology constitute 
the very foundation of all surgical procedures, and therefore, we 
deem it timely, at this juncture, to present the results of our studies 
along these lines. Our investigations have been carried on for the 
past seven or eight years and consist, in part, of the histologic exam- 
ination of twenty-four temporal bones of patients who died of 
intracranial complications of otitic disease. Of the twenty-four cases, 
thirteen had intracranial lesions when admitted to the hospital, nine 
of the latter had meningitis and four had brain abscess. The ma- 
terial is almost exclusively from cases with acute symptoms. 

Before presenting our histopathologic findings in cases of sup- 
puration of the petrous pyramid, it is of considerable importance to 
emphasize what we consider to be certain basic facts. Petrous pyra- 
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mid suppurations are frequently found histologically in patients who 
died of otitic intracranial complications. In some of these patients 
there were no clinical evidences of petrositis at any time, nor any 
basis for suspecting that such a condition existed. The pathologic 
findings were discovered quite by accident in the routine examination 
of our material. Even in retrospect, it is at times difficult or impossi- 
ble to correlate the clinical with the histologic findings. Never- 
theless, the fact remains that there were cases of petrositis (histo- 
logically) which insofar as we were able to ascertain, gave neither 
typical clinical signs nor symptoms. In the early stages of acute sup- 
puration of the middle ear, it is well known that there may be asso- 
ciated involyement not only of the pneumatic cells in the mastoid, 
but also of the cells in the petrous pyramid. This inflammatory 
involvement may take place simultaneously with the onset of the 
otitis media or may follow shortly thereafter. These changes in the 
pneumatic spaces may at this stage vary in degree from thickening 
and infiltration of the mucosa to an extravasation of purulent exu- 
date, and may be present without characteristic signs or symptoms. 


In the consideration of petrositis it is important to include path- 
ologic changes which occur in the perilabyrinthine structures as well 
as those that occur in the apex. Cases of perilabyrinthitis and deep 
extradural abscess, which undoubtedly should be considered as petro- 
sitis, have been reported in the literature. It must always be kept in 
mind that the lesion in the petrous pyramid does not extend to the 
apex in all cases. Nor are the symptoms dependent upon an extension 
of the lesion to the apex. We have repeatedly called attention to these 
facts, and we consider them of fundamental importance as related 
to the therapy of petrositis. 

The histologic diagnosis of petrositis was made from the study 
of the serial sections of twenty-four temporal bones; for twenty of 
these, the sections include the extreme tip of the apex. With regard 
to anatomic structure: the mastoid process was pneumatic in twelve 
cases (50 per cent), mixed in nine (37% per cent) and diploetic in 
three (121% per cent). The petrous pyramid was pneumatic in four 
cases (1674 per cent), mixed in eighteen cases (75 per cent), and 
diploetic in two cases (8% per cent). Of the twenty cases in which 
the apex was sectioned, it was pneumatic in one case (5 per cent), 
mixed in six cases (30 per cent) and diploetic in thirteen cases (65 
per cent). 

It must be borne in mind that in classifying temporal bones 
as to type of anatomic structure, no definite criteria have been estab- 
lished, and that the personal interpretation of the observer, therefore, 
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is an important factor. The age of the individual must also be taken 
into account in considering the extent of pneumatization of the 
temporal bone, insofar as the completion of pneumatization of the 
petrous apex takes place later than it does in the mastoid. Of the 
twenty cases in which the apex was sectioned, ten (50 per cent) of 
the patients were under ten years of age. This perhaps may account 
for our large percentage (i. e., thirteen out of twenty) diploetic 
apices. 

While we are aware that no definite conclusions can be drawn 
from so small a series, the findings, nevertheless, are extremely sug- 
gestive, inasmuch as the above data were obtained from the study 
of histologic sections. The chances of error are thus diminished. The 
figures obtained from the literature up to the present time have been 
based mainly upon gross observations made on unsectioned temporal 


bones. 


According to the above figures, extensive pneumatization in the 
mastoid is present much more frequently than in the petrous pyra- 
mid and the apex. However, in isolated instances the pneumatiza- 
tion in the petrous pyramid may be more advanced than in the 
mastoid process. Partial pneumatization (mixed type) is more fre- 
quently found in the petrous pyramid than in the mastoid bone. 
This may be accounted for by the fact that the process of pneumati- 
zation extends from the tympanic cavity and eustachian tube into 
the petrous pyramid and apex and may continue after pneumatiza- 


tion in the mastoid has terminated. 


As stated previously, the greater the degree of pneumatization 
in the temporal bone, the greater is the facility with which infection 
spreads through it. In the majority of cases, infection spreads into 
the petrous pyramid from the tympanum and antrum along the 
perilabyrinthine cells. None but an arbitrary division between these 
various perilabyrinthine cells can be made. The infectious process 
as it advances frequently involves adjacent marrow spaces and the 
more dense bone. In the strict sense of the term, an osteitis alone is 
rarely present. Instead, the picture is often that of a combination of 


osteitis and osteomyelitis. 


Since there are no definite lines of demarcation between the 
various groups of perilabyrinthine cells, and since extension may 
take place along more than one route, it is at times difficult, even 
by careful histologic study, to determine the exact pathway of 
extension. In the instances in which infection involved the entire 


perilabyrinthine group of cells or a considerable portion of them, we 
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have identified the pathway through which the infection extended, 
by locating the area in which the maximum inflammatory change 
and destruction occurred. 


In nineteen of the twenty-four cases the infection spread from 
the tympanum and antrum along the superior and posterior peri- 
labyrinthine structures. In some of these cases, however, the infra- 
labyrinthine cells were also involved. The supralabyrinthine route 
of extension was the predominant one in fourteen of the cases. The 
infralabyrinthine route was the predominant one in two cases. The 
infectious process in part extended through the fossa subarcuata in 
two cases and in one of these the latter was the predominant path- 
way. In three cases the extension took place mainly along the peri- 
tubal cells. In two cases the infection extended along the carotid 
canal. In two cases, the route of extension could not be determined 
with any degree of accuracy. 


The postero-superior route, we found, was by far the most fre- 
quent. It cannot be stated too emphatically that lesions in the petrous 
pyramid do not always extend to the apex. In the majority of our 
cases the greatest expression of the disease process was noted in the 
petrous pyramid between the superior semicircular canal and the 
internal auditory meatus. Furthermore, in fourteen of the twenty- 
four cases, the lesion was most manifest at the superior posterior 
margin of the petrosa. While it is true that the lesion in the petrosa 
may extend into the apex, the pathologic changes at that site are 
usually not so marked as in the lateral portion of the pyramid. In 
eleven of the twenty apices sectioned we found moderately severe 
inflammatory changes. In four there were slight changes and the 
findings were relatively normal in five. However, in only three of the 
cases were the inflammatory changes in the apex more marked than 
in the remainder of the pyramid. The duration of the infectious 
process may be a factor in the extent of the involvement of the 
petrosa and apex. As is well known, the suppurative process fre- 
quently erodes the bony cortex of the petrosa, along the middle or 
posterior fossa at an appreciable distance from the apex, and produces 
an extradural space. These changes may take place before any con- 
siderable degree of involvement of the apex has occurred. 


In eleven of the twenty-four cases there was either a frank 
extradural abscess or a communication between the suppurative 
process in the bone and the adjacent overlying dura. The most sig- 
nificant symptom of these epidural abscesses was pain; and in ten 
of the eleven cases of epidural abscess the patients complained of 
severe headache. The inflammatory process involved chiefly the dura 
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of the middle fossa in seven cases, and that of the posterior fossa in 
four cases. In a few of these, there were multiple perforations of the 
bony cortex of the pyramid in the middle or posterior fossa, or both. 
The inflammatory changes in the dura varied in extent, remaining 
localized in some instances, and in others extending to the apex. 


It is obvious from our material that there are no symptoms 
which are invariably associated with disease of the petrous pyramid. 
The most significant symptom is pain. In our clinical cases the sub- 
sidence of pain marked the beginning of recovery. On the other 
hand, the pathologic material demonstrated, in all but one instance, 
that pain persisted when the suppurative process in the petrous pyra- 
mid had perforated the cortex and involved the dura. 


The generally accepted belief that serious disease in the petrous 
pyramid is always associated with persistent or recurring discharge 
from the tympanum is also erroneous. A scant discharge when asso- 
ciated with pain, is of much graver import than a profuse discharge. 
Heretofore, insufficient stress has been laid on the type of case in 
which pain develops following an acute otitis and an operated mas- 
toiditis, the middle ear and mastoid resolving and healing. In our 
experience this condition is always extremely serious. In an earlier 
communication we demonstrated histologically that in cases of osteitis 
of the pyramid, inflammation of the superficial structures (i. e., 
middle ear, antrum, etc.) may resolve and heal, yet virulent infection 
with progressive destruction may continue in the depths of the 
petrosa. We have encountered instances also in which, following an 
acute suppurative otitis and symptoms of mastoiditis, operation dis- 
closed little or no gross disease in the mastoid. In these cases not 
infrequently the middle ear undergoes rapid resolution and the mas- 
toid wound heals. The hearing may be excellent. The persistence of 
severe pain, with or without fever, demands immediate surgical 
intervention. In this type of case we have seen, both at operation and 
histologically, the most extensive destruction in the pyramid. Occa- 
sionally, too, an external rectus palsy appears and must be considered 
a focal sign. 


Osteitis of the pyramid may occur as a complication of an acute 
suppurative otitis media and an acute suppurative mastoiditis. Under 
such circumstances, shortly after the mastoid operation, there occurs 
a profuse discharge from either the middle ear, the mastoid wound 
or both. We have been conservative in this type of case because the 
bone focus obviously was draining. We have demonstrated that the 
discharge contains the products of bone disintegration; at times as 
much as 37 mgms. of calcium per 100 cc. is present (Friesner and 
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Rosen). In some instances profuse discharge persisted for four or 
even eight weeks. We have seen roentgenographic evidence of 
changes in the petrous pyramid in the presence of a completely ex- 
enterated mastoid, yet the absence of high fever, the gradual diminu- 
tion of pain and the lack of evidence that an intracranial extension 
was imminent led us to persist in our conservative course. Most of 
the cases in this group recovered without further surgical measures. 
Furthermore, it is most important to add that the end result in these 
cases, even after eight weeks of profuse discharge, was a normal mid- 
dle ear, normal hearing and a healed mastoid wound. 


We have learned from our pathologic material that in the vast 
majority of cases suppuration in the pyramid extended from the mid- 
dle ear and mastoid antrum through the superior and _ posterior 
group of perilabyrinthine cells. Secondly, we found the greatest 
expression of disease at the posterosuperior margin of the petrous 
pyramid between the superior semicircular canal and internal audi- 
tory meatus. In only a few cases was the major expression of the 
disease at the apex of the pyramid. As has been stated before, all the 
clinically observed cases which recovered have healed with normal 
ears and normal hearing. 


We have based our concept of surgical therapy upon the afore- 
mentioned facts, choosing a type of operation ‘which we find gives 
adequate exposure of the region in which disease is most apt to be 
found. Secondly, the necessary surgical measures can be performed 
with good illumination, under direct vision, thus enabling one to 
conserve the important structures in the petrous pyramid. 


In operations on the pyramid we have attempted to base our 
indications upon our pathologic, clinical and operative experiences. 
The indications in some instances are, according to our present views, 
clear cut. In others, each case must be judged individually, using all 
possible criteria, including at times a study of the cytology of the 
cerebrospinal fluid. Here, too, due consideration must be given to 
the time relationship between the onset of the otitis and the develop- 
ment of symptoms indicative of petrosal disease. As a general rule, 
the later the onset of symptoms indicative of disease in the pyramid 
the graver their import. 

The cases presenting indications for exploration of the pyramid 
may be divided into two groups: 

1. Cases in which no mastoidectomy has been performed. (A) 
In cases in which the ear has been discharging for several weeks; 
when pain has persisted or become increasingly severe, particularly 
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when to the original pain in the eye, the teeth, or the ear, there is 
added severe frontal headache, exploration of the pyramid should 
immediately follow mastoidectomy, if the findings in the mastoid 
are considered inadequate to explain the pain. (B) In cases in which 
the ear has been discharging for several weeks, with no relief of 
pain, if meningeal signs (meningitis sympathica) develop, and the 
operative findings in the mastoid are inadequate to explain the intra- 
cranial extension, exploration of the pyramid should be carried out 
immediately following the mastoidectomy. We realize, of course, 
that it is extremely difficult to accurately paraphrase the term “‘ade- 
quate findings to explain pain.” In the final analysis, the personal 
interpretation of the surgeon must be paramount. It might be time- 
ly, however, to reiterate that we have seen headache, pain in eye, 
fever and persistent otorrhea from an undrained zygomatic abscess; 
fifth and sixth nerve involvement from an epidural abscess over the 
mastoid tegmen; meningeal symptoms from a perisinus and epidural 
abscess or sinus thrombosis. These are some of the findings in the 
mastoid that we would consider adequate to explain pain. Of course 
a badly and extensively diseased mastoid is another. Shambaugh 
reported temporal headache and external rectus paralysis as the 
result of a small epidural abscess in the root of the zygoma, in the 
presence of a resolved ear and healed mastoid wound. 


2. Cases in which mastoidectomy has been performed. (A) In 
some of the cases of acute otitis with bone involvement, the major 
expression of the inflammation is in the pyramid rather than in the 
mastoid. Not infrequently in such a patient, because of continued 
pain, profuse otorrhea, fever and tenderness, the mastoid is operated 
upon and discloses little or no pathologic change. The middle ear 
may resolve rapidly and the mastoid wound heal promptly. As we 
have already stated, the most virulent and most serious cases of 
osteitis of the petrosa are those in which the middle ear is dry and 
the mastoid wound almost or entirely healed. In these, if severe pain 
persists or begins late, and particularly if focal signs (sixth, seventh, 
or eighth nerve involvement) develop, operation is imperative. (B) 
In our clinical experience, by far the largest group of cases are those 
in which, following mastoidectomy, disease in the pyramid manifests 
itself by pain and the development of increasing discharge from the 
middle ear, the mastoid wound or both. As regards indications for 
operation, this group offers the most difficult problem. All diag- 
nostic criteria should be used in this type of case. There can be no 
question that many such cases recover spontaneously. Yet if at any 
time, in the judgment of the surgeon, such a patient is not doing 
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well and an intracranial extension seems imminent, the pyramid 


should be explored. 
CONCLUSION. 


Correlation of our anatomic and histopathologic studies with 
our clinical experience, makes evident certain facts which are of 
fundamental importance in the therapy of petrous pyramid sup- 
puration. 


1. That suppurations in the petrous pyramid tend to drain and 
heal spontaneously. 


2. That by no means does the lesion in the petrous pyramid 
in all cases extend to the apex. Nor are the symptoms dependent 
upon extension of the lesions to the apex. 


3. That the posterosuperior route is the frequent pathway of 
extension and that the greatest expression of the disease process is 
noted in the area between the superior semicircular canal and the 
internal auditory meatus, at the posterior superior margin of the 
petrosa. 


4. That in our clinical experience the cessation of pain, in all 
but one instance, marked beginning recovery. 


§. With the above facts in mind, we have established certain 
indications. 

6. It is obvious that no one procedure is adequate to drain all 
foci in the pyramid. 


RaLPpH Atmour, M. D., 
New York. 


The apparent differences of opinion between the various writers 
on the subject of petrositis have, in the main, been confined to the 
therapy indicated for the cure of the lesion. The diagnostic picture 
has been almost universally accepted. Yet, if one critically studies 
the several views dealing with the therapy of this lesion, one is im- 
pressed with the fact that each is true to a certain extent. Wherein, 
then, do the discrepancies lie? The author is certain, after a thorough 
perusal of the literature, that the opinions of the various workers 
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are separated only by the fact that most of them have seen and 
treated only one, or at the most, a few types of petrositis. In a paper 
which is now in publication the author has advanced the suggestion 
that in the lack of a proper nomenclature lies the difficulty in the 
way to a harmonious agreement of all investigators. 

The nomenclature proposed is based upon anatomic and clinical 
facts which are evident from the study of the cases reported. 

Since the symptomatology has already been discussed and the 
finer points in the differentiation of these several varieties of petro- 
sitis have been presented, it remains only to outline the nomenclature 
which, the author feels, is the key to the fundamentals of therapy in 
suppurations of the petrous perilabyrinth. 


NOMENCLATURE. 


1. Posterosuperior petrositis. 

2. Postero-inferior petrositis. 

3. Postero-internal petrositis. 

4. Anterior supracochlear petrositis. 
5. Anterior subcochlear petrositis. 


6. Anterior precochlear (pericarotid) petrositis. 
7. Apicitis (empyema of petrous apex). 


The determination of whether the lesion is acute, subacute or 
chronic depends upon the clinical findings, and any of the above ana- 
tomic designations may be prefaced by the clinical term of acute, 
subacute or chronic. 

Utilizing this terminology, it at once becomes evident that all 
lesions of the perilabyrinth are not amenable to any one type of 
therapy. What suffices for a cure of an acute posterosuperior petro- 
sitis will not be effective in the management of an acute anterior sub- 
cochlear lesion. It also becomes evident that the attempt to classify 
the therapeutics of petrositis into conservative and radical is an error 
which must not be continued. The surgical approach to a postero- 
internal petrositis is necessarily different from that for an apicitis, 
and each is conservative for the respective lesion but radical for the 
other. 


The determination of the type of petrositis and its location in 
the perilabyrinth is possible in the greatest number of cases by placing 
proper emphasis upon the minutia in the clinical picture. All varieties 
of petrositis present the characteristic retro- or peri-orbital pain and 
tympanomastoid suppuration; the acute and subacute lesions present, 
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in addition, a low grade sepsis. It is the other details in the clinical 
picture which tell the otologist the exact location of the lesion. Once 
the location is noted the therapeutic indication becomes self-evident. 


LESIONS CONFINED TO THE POSTERIOR PERILABYRINTH. 


These are the easiest to manage. The milder cases respond to 
the drainage afforded this area by a thorough, simple mastoidectomy. 
The posterosuperior petrositis will present a fistula in the area located 
above the horizontal semicircular canal and behind the superior semi- 
circular canal, which at times may lead directly into the petrous 
apex. The management of this type consists in an enlargement of 
the fistula and a thorough probing and curettage of the entire tract, 
followed by saline irrigation and the injection of a contrast substance, 
preferably lipiodol. This procedure effects a cure in most cases. When 
postoperative symptoms continue beyond a reasonable length of 
time, however, one then reasons that the disease has spread from its 
original site in the posterosuperior perilabyrinth into the apex and 
that further surgery is necessary. 


The postero-inferior lesions show a fistulous tract located in the 
area below the posterior semicircular canal which should also be 
handled in the manner just described. Continuation of symptoms 


calls for further surgery. 


The postero-internal lesions are the severest of this group, in 
that they extend toward the internal auditory meatus and threaten 
an early meningitis by rupture at this point. They are best managed 
by a complete removal of the inner table of the mastoid process over 
the sinus and anterior cerebellar surface, a careful separation of the 
dura inward toward the internal meatus, and a thorough curettage 
and removal of all diseased structures in the posterior perilabyrinth, 
skeletonizing, if necessary, the semicircular canals. 


LESIONS CONFINED TO THE ANTERIOR PERILABYRINTH. 


These constitute a greater threat to life than do the posterior 
petrosites because, firstly, they are not demonstrable through the 
exposure afforded by the simple mastoidectomy and, secondly, be- 
cause of this, the search for the focus is often delayed beyond the 
safety point, due to the unwillingness of the surgeon to perform, or 
the patient to submit to, the exposure of the tympanic cavity which 
is essential for the discovery of the lesion. 

Anterior supracochlear petrositis can often be adequately man- 
aged by the exposure afforded by a simple mastoid operation extended 
to expose the area in front of the superior semicircular canal. The 
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demonstrable fistula should either be managed as before mentioned 
or, if extension has occurred, the conversion of the tract into a 
trough extending to the apex, as recently described by Myerson, will 
very often suffice. When these procedures fail to result in the sub- 
sidence of the symptoms, a thorough exposure of the middle ear is 
called for, and an intrapetrosal drainage of the apex is imperative 
in order to afford drainage at the most advantageous point. 

Anterior subcochlear and precochlear petrositis require the open- 
ing of the tympanic cavity in order to bring the lesion to view. 
The management of the fistule found is no different than that 
already described. 

We now come to the variety of petrositis which we prefer to 
term apicitis or empyema of the petrous apex. The Germans term it 
Tiefgelegener Abscess im Felsenbeinspitze. The French term it 
Osteite profunde du pointe du rocher. It is for this area of the peri- 
labyrinth that special technics have been devised and wherein a 
special technic is needed. 

The petrous apex can be likened to Rome, since all roads in the 
perilabyrinth lead to it. Most of the cases of apicitis fall into the sub- 
acute and chronic groups, all of which present a fistulous tract lead- 
ing from some portion of the perilabyrinth directly into the apex. 
These have already been considered, and the cure of these lesions 
is brought about by the proper management of the fistulous tract. 
In the acute apicitis, however, no macroscopic opening into the 
apex is anywhere demonstrable and it is therefore expedient to attack 
the apex directly if the patient’s life is to be spared. 


The methods proposed for the direct attack of the apex fall into 
two groups, the extrapetrosal and the intrapetrosal. The former 
comprise the various subdural approaches to the apex, while the latter 
confine themselves to the drainage of the apex through the temporal 
bone. Each has its indication and each possesses advantages which 
the other has not. The determination of when to employ the extra- 
petrosal approach and when the intrapetrosal is a matter for careful 
consideration. It is hoped that the following analysis will serve to 
clarify the question. 

THE EXTRAPETROSAL (SUBDURAL) APPROACHES. 

All the procedures in this group are undertaken by separating 
the dura of the middle cranial fossa from the superior surface of the 
petrous bone. They are represented by (1) Separating the dura 
through the simple mastoidectomy exposure; (2) Eagleton’s proce- 
dure, and (3) the Gasserian ganglion approach. 
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Collectively, these procedures offer: 


1. Adequate drainage of an extradural abscess which has result- 
ed from the rupture of an apicitis through the superior surface of 
the petrous bone. 


2. The surgical exposure of the superior petrosal surface, with 
the surgical attack of the apex at its uppermost point. 


Collectively, these procedures present the following limitations: 


1. They are inadequate in draining posterior perilabyrinth 
lesions because they do not reach the lesion. 


2. They will not reach an extradural abscess which has ruptured 
from the apex into the posterior fossa. 


Individually, the subdural approaches present the following 
advantages and disadvantages: 


1. The subdural approaches which deliberately avoid the per- 
formance of a radical mastoidectomy and attempt the elevation of 
the dura through the exposure afforded by a simple mastoidectomy 
are, except where an extradural abscess is found in the middle cranial 
fossa, inadequate and harmful procedures; because 


(a) They do not permit the inspection of the inner tympanic 
wall for the presence of fistule into the anterior perilabyrinthine 


spaces. 


(b) The elevation of the dura must, of necessity, be started be- 
hind the superior semicircular canal, and in this way the dural inser- 
tions into the subarcuate fossa and into the canals for the petrosal 
nerves are torn. In addition, the numerous vascular connections be- 
tween the dura, the petrous bone and the tegmen tympani, as Batson 
has recently demonstrated, are severed, thus increasing the danger of 
an ensuing purulent meningitis. 


(c) They are technically the most unsatisfactory of all ap- 
proaches to the apex because the point of attack is further away from 
the objective than that of the other subdural operations. 


2. The subdural approach through the extended radical mas- 
toidectomy, as described by Eagleton, is a rational one in that it 
affords, before anything else is attempted, an inspection of the entire 
inner tympanic wall for the presence of a fistula. 


(a) Since the dural elevation in this procedure takes place in 
front of the subarcuate fossa and the emergence of the petrosal nerves 
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the injury to the dura is minimal, especially since a large portion of 
the squama is removed to allow for cerebral displacement. 


(b) Its only disadvantage is that it does not afford drainage for 
the pus in the apex at the most dependent point. 


3. The Gasserian ganglion approach does not meet the indica- 
tion for surgery to the petrous apex because it does not allow of an 
inspection of the inner tympanic wall for fistula. In addition, it pre- 
supposes that all cases of petrositis present a lesion located in the 
apex, which we know is not the case. 


THE INTRAPETROSAL APPROACHES. 


These are represented by (1) Ramadier’s procedure and (2) the 
author’s. 


These are the operations of choice in acute apicitis because: 


1. They afford a thorough exposure of all possible avenues 
through which an infection can gain entrance to the various regions 
of the perilabyrinth. 


2. Except where a rupture subdurally has occurred, they ade- 
quately meet every indication for the eradication of an apicitis. 


3. They keep the infection and its point of drainage within the 
temporal bone and away trom the endocranium, thus reducing to 
a minimum the possibility of a subsequent meningitis. 


4. They afford drainage at the most dependent portion of the 
apex. 


From the above outline it is at once evident that no one opera- 
tive procedure suffices for every case of petrositis. For the majority 
of cases of petrosal suppuration there is no need for the mastery of 
a special technic; the majority of the cases show either a fistula into 
one of the subdivisions of the perilabyrinth, which in a great many 
instances leads directly to the tip, or show a necrosis leading toward 
the internal auditory meatus located just anterior to Trautmann’s 
triangle. The intelligent and deft use of a curette and the widening 
of the fistula by means of a burr, the evacuation of the pus by wash- 
ing with saline, the curettage of the granulations within the peri- 
labyrinthine cavity will usually effect a cure. In any event, the 
failure to locate a point of disease in the posterior perilabyrinth, the 
only part exposed by a simple mastoidectomy, calls for a radical mas- 
toidectomy to enable the operator to inspect the anterior perilaby- 
rinth. 
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It is only in cases of encapsulated empyemas of that portion of 
the perilabyrinth which embraces the apex of the petrous bone that 
a specialized technic is indicated. Whether the subdural approach is 
used to reach the apex or one of the intrapetrosal methods is imma- 
terial, provided one is thoroughly familiar with the anatomy em- 
braced by the operation, aware of the advantages and disadvantages 
of the various technics, and is thoroughly convinced before operating 
that the patient has an encapsulated empyema of the apex. 

51 West 73rp Sr. 


CXVIE. 
WELLS P. EaGLeTon, M. D., 
NEWARK. 


HISTORICAL BACKGROUND OF SURGICAL TREATMENT OF 
PETROUS APEX INFECTIONS. 


On December 8, 1926, there entered the Newark Eye and Ear 
Infirmary a young girl (A. R.),' with a running ear that apparently 
required a simple mastoid operation. Following the operation she had 
pain (a) in her head (b) behind her eye,” *'” which subsided. Later 
she returned with slight fever; and as the ear was still discharging 
and she had pain in her head the mastoid was curetted, during which 
the surgeon noticed tissue filling the anterior part of the middle ear 
cavity that “looked like cheese.” 


Over a period of forty-three days, subsequent to the first opera- 
tion, she had recurrent attacks of pain in the head and the eye. The 
mastoid was recuretted twice. She then developed meningitis. At 
the autopsy the bone of the petrous apex was found eroded and con- 
tained a cavity filled with granulations and caseous material without 
pus. The apical suppuration had ultimately given rise to a terminal 
hemorrhagic meningo-encephalitis. I concluded that the granulation 
mass must be tuberculous. 


I reported the case and exhibited the pathologic specimen at the 
spring meeting of the New York Otological Society, in 1927, as 
“tuberculosis of the petrous pyramid.” 


Two months later, on February 18, 1927, another patient (J. 
McE.)," was admitted who had a similar history of pain behind the 
eye, a running ear and, in addition, a facial paralysis. After thirteen 
days’ illness he also developed meningitis and died. When at the 
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autopsy there was found a similar condition of granulomatous caries 
—without pus—with perforation of both the superior and posterior 
surfaces of the apex, the compact bone of the superior angle 
of the apex remaining intact, I realized that both patients had suf- 
fered from suppurative disease of the petrous apex. 


Both of these cases,’ with original drawings of the pathologic 
specimens,” were reported at a joint meeting of the Otological Sec- 
tions of the New York Academy of Medicine and the College of 
Physicians of Philadelphia, in New York, on April 27, 1927, with 
the statement that as these ‘“‘cases had run protracted courses of thir- 
teen and forty-two days, respectively, during which time there 
were signs that the bone lesion and the meningitis were localized, 
properly directed operative procedure upon the bone prior to the 
advent of the terminal meningitis should have resulted in the cure 
of the patient.” 


This paper was abstracted and read at Copenhagen on August 
2, 1928." The full paper with four personal cases and anatomic 


studies on the fifth and sixth nerves was submitted for publication 
on September 3, 1929." 


Anatomic Researches.—The summer of 1927 was devoted to 
anatomic dissections at the Ecole de Médicine, in an effort to estab- 
lish an anatomic route into the petrous apex which would allow ade- 
quate inspection of the diseased area. The method selected I termed 
“unlocking the petrous apex.” It is a modification of the Krause- 
Harley-Cushing approach to the Gasserian ganglion enlarged pos- 
teriorly. It was described in a paper read before the Otological Sec- 
tion of the British Medical Society at Manchester in July, 1929.'' ™ 


First Exploration for a Diagnosed Apical Suppuration.—The 
first operation in the history of medicine of deliberately entering the 
petrous apex upon a patient whose condition had been previously 
diagnosed as ‘“‘suppuration within the petrous apex,” after a prelimi- 
nary ligation of the common carotid, was performed on June 30, 1929. 
The patient (B. L.)'’ recovered promptly, although the operation so 
aggravated the localized meningitis that micro-organisms were tem- 
porarily free in the cerebrospinal fluid.'' '” 


Previous Cases of Drainage of the Apex Following the Acci- 
dental Finding of a Fistula Leading Into the Apex.—Bircher,'’ in 
1893, drained an abscess in the petrous apex by following a fistulous 
tract from the middle ear; the patient recovered. And Brockaert,'* 
in 1914, successfully opened Meckel’s cave for a localized meningitis 
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of otitis origin, associated with neuralgia of the face and paralysis 
of the abductor muscle. However, neither operator opened the apex. 


Richards,'* in 1927, described ‘‘the petrous pyramid, its surgical 
anatomy and the technic of the operation for its removal,” following 


an exenteration of the labyrinth. 


Several others had drained the apex by accidental finding of a 
fistulous tract opening into the middle ear or the mastoid." 


In December, 1930, Kopetzky and Almour*” devised an opera- 
tion for entering the apex from the tympanic cavity by a small open- 
ing witha burr. Since that time Ramadier"' (1931) has suggested 
temporary ligation of the internal carotid after its evulsion from its 
canal in the pyramid; and Frenckner™ (1932) and Ruttin“* (1933) 
have described various operations in which they followed an existent 
pneumatic tract. 


The present report should be regarded as a supplement to my 
communications on ‘Meningitis from the Sphenoid,” and my dis- 


25 26 


cussion of Vail’s paper,”' published in 1932.° 
PURPOSE OF PRESENT STUDY. 


Inadequacy of All Nomenclature of Infective Osteomyelitis 
Which Attacks the General Skeletal Bones; and Lack of Differential 
Classification Descriptive of the Various Pyogenic Lesions of a Petrous 
Apex or the Sphenoidal Basis.—A search through the literature fails 
to reveal any classification which adequately differentiates between 
the various forms of osteomyelitic processes that attack marrow- 
containing bones of the skeletal frame, or the distinctive forms of 


infective osteomyelitic pyogenic lesions of the cranium. 


And no nomenclature whatsoever had been published which 
even attempted to differentiate between the various infective pro- 
cesses that have their seat in the petrous apex, prior to the outline 
classification that I presented to the American College of Surgeons, 
at Boston, on October 19, 1934.° ** 


Nomenclature Based on Pathology as Influenced by the Embryo- 
logic Origin of Bone, Which Dictates Not Only the Specific Mor pho- 
logical Structure of the Bone but Also Its Specifie Reaction to Infec- 
tion.—An adequate nomenclature of pyogenic diseases of the skull 
must be based, not only upon recognized lesions of bone pathology, 
as presented by the inflammatory, metabolic and neoplastic processes, 
but also as influenced by the peculiar embryogenesis of the particular 
bone attacked. For the mammalian cranium is composed of three 
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genetically different and specific types of bone which determine the 
particular pathologic form that the lesion will assume and the course 
that the disease will take. 


Thus, (a) the embryologic origin of the bone, and (b) the 
stage of its growth at the time of its invasion by bacteria, are factors 
in osseous pyogenic diseases, the importance of which has not been 
appreciated, although they are now recognized as of commanding 
influence in the growth of bony neoplasms. 


SURGICAL LESIONS OF THE APEX. 


1. Histopathology of Abscess of the Petrous Apex.—tIn recent 
years the morphology of the apex of the petrous pyramid (Balden- 
weck,-” Pietrantoni,”’ and Eagleton'’) and the surgical anatomico- 
pathology of abscess within it, have been fully examined. (Eagle- 


ton,'” '’ Friesner and Druss.”'). 


(a) Invasive and (b) Quiescent Infective Osteomyelitis of the 
Petrous Apex Without Abscess Formation.—However, the literature 
contains but scant reference to the blood-borne infections which 
may attack the marrow within the bone of the petrous apex. These 
infections, during their most active stage, are without massive abscess 
formation, although they may have small foci of suppuration within 
them. This group of osteomyelitics of the sinusoidal spaces is of great 
surgical importance, since it is in this type of pyogenic inflammations 
that an operation upon the apex at a time when the patient was not 
profoundly sick, because the infection was semi-quiescent, precipi- 
tated (a) an invasive, (b) septic or (c) phlegmonous osteomyelitis 
accompanied by a rapidly fatal (d) meningo-encephalitis. 


(2) Destructive and (3) Nondestructive Sinusoidal Osteomye- 
litic Phlegmons of the Sphenoidal Basis and of a Petrous Apex.—No 
attention has been directed to the unique histologic structure or the 
distinctive inflammatory patterns of the diffuse lesions that involve 
the spheno-occipital basis, with which the petrous apices are in close 
relationship. For these destructive but nonsuppurative infections of 
the basicranium I propose the generic designation “‘phlebitic sinusoidal 
osteomyelitic phlegmons.” 

CLASSIFICATION OF CLINICAL TYPES OF APICAL SUPPURATION. 

I now offer an amplification of my previous clinical classifica- 
tion of apical suppurative diseases.“’ It is an attempt to differentiate 
the various lesions in patients under my care, correlated with the 
radiographic, operative, postmortem and microscopic findings. 
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For in infections of the passively protective, pneumatic, and the 
actively protective marrow-filled bones of the neurocranium a suita- 
ble nomenclature is necessary; and it is hoped that the following will 
be of assistance in the diagnosis of infective lesions of the petrous 
apex and of the sphenoid basis, as well as of osteogenetic affections 
of the skull in general. 


CLINICAL TYPES OF APICAL SUPPURATION AND ASSOCIATED 
OSTEOMYELITIC LESIONS OF THE SKULI 


(Based on 42 cases of apical suppuration and 24 cases of sphe- 


noidal bone disease associated with meningitis. ) 


I. Reactive, Reparative and Protective Types of Osteomyelitis, When 
Marrow Is Present, or Osteitis in Pneumatized Bone. 


1. Sclerosing osteitis (analogous to Garre nonsuppurative osteo- 


myelitis)—largely a reparative process. 


2. Reactive osteomyelitis (analogous to Ollier’s albuminous non- 


infective periosteitis of the long bones). 


3. Granulomatous plasma-cell osteomyelitic invasion of the mas- 
toid from an infected petrous apex (analogous to Pott’s “puffy 


ey 


swelling.” ) 


4. “Sclerosing osteitis” of the apex adjacent to the labyrinth, 
accompanying a sequestration of the labyrinth—‘exfoliative seques- 
tration of the labyrinth.” This type is usually (a) tubercular, but it 
may be (b) purulent, especially in scarlet fever, or from (c) opera- 


tive trauma.” 


II. Nonsuppurative Congestive Cases—The Apical Symptoms Being 
Due to Venous Stasis. 


Subacute congestive osteomyelitis (without suppuration) asso- 


ciated with venous stasis.~‘ 
Il. Chronic Bone Septic Cases (Without Abscess Formation). 


Some of the cases of the chronic bone sepsis that are without pus 
originate in (a) osteothrombophlebitis of an adjacent area, such as 
the mastoid or the lateral sinus; others are the result of (b) direct 
tissue suppuration within a tract of pneumatic cells that passes over 
or behind the labyrinth; while a few are (c) embolic in origin, the 
infecting nidus having been brought by the circulation from a dis- 
tant focus. 
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1. (a) Subacute, (b) slow (lenta), or (c) latent “focal cario- 
granulomatous osteomyelitis,” confined to the apex (without macro- 
scopic pus.’” 

2. (a) Subacute, (b) slow (lenta), or (c) latent “diffuse em- 
bolic osteomyelitis,” involving large areas of the temporal and adja- 


cent bones. 


IV. Abscess of the Apex. 


A. Cariogranulomatous Abscess of the Apex Without Evidence 
of a Tract Connecting It With the Tympanomastoid Area: 


1. “Extradural abscess in the middle fossa.” A localized granu- 
lomatous abscess with a perforation of the cortex below the Gasserian 


ganglion.*' 


2. “Subdural space abscess of the posterior fossa.” A localized 
abscess in the posterosuperior quadrant of the apex, which by per- 
forating the cortex causes a subdural space abscess of the posterior 
fossa situated mesial to the internal auditory meatus. 


3. (a) “Cariogranulomatous osteomyelitic mass filling the entire 
apex,” with perforations into both middle and posterior fosse with 
pus; (b) without free pus.”” 


4. “Encapsulated abscess in the apex,” the result of (a) direct 
extension of infection through pneumatized cells, or originating in 
(b) sinusoidal space osteomyelitis. 

B. Petrous Apex Abscess and Perilabyrinthine Suppuration 
With a Tract: 

§. ““Peritubal tract” in the region of the eustachian tube cells, 
leading into an apical abscess. It may be associated with (a) “‘local- 
ized perilabyrinthine granulomatous caries,” or (b) “perilabyrinthine 
abscess” with an extradural abscess above the labyrinth. 

6. “Angle of the petrosal pneumatic tract,” connecting directly 
with “abscess of the petrous apex.’ 
sively pneumatized mastoid. 


> 


It is only present in an exten- 


7. “Retrofacial osteomyelitic tract,” extending inward parallel 
to the posterior surface of the pyramid (a) above or (b) below the 
internal auditory meatus and ending in a cavity in the apex.” Its 
external end is separated from the tympanomastoid domain by an 


area of normal bone. 
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C. Petrous Infection Associated With “Lateral Pharyngeal 
Abscess.” 

8. “Lateral pharyngeal abscess of infants,” a complication of 
a “suppurative otitis from osteomyelitic foci in the temporal bone.” 


9. “Granulomatous osteomyelitis of the apex” with perforation 
of the abscess into the lateral pharyngeal wall.” 


V. Acute Septic Osteomyelitis of the Petrous Apex, Accompanied 
by a Continuously Positive Blood Culture and Associated With 
Meningitis Upon the Infection Passing Through the Dura. 


The osteomyelitis may be either (a) hemorrhagic, (b) phleg- 
monous, or (c) gangrenous in form; (a) “fulminating,” (b) sub- 
acute, (c) “resting” or (d) “‘recrudescent” in character; (a) diffuse, 
(b) invasive, or (c) local in extent; and (a) embolic in origin, or 
due to (b) an extension of a thrombophlebitis from an adjacent area. 

1. Acute fulminating and invasive osteomyelitis: “acute diffuse 
hematogenous osteomyelitis” of the petrous apex—a bone marrow 
sinusoidal space infection. 

2. Localized hematogenous osteomyelitis. 


3. “Subacute thrombotic, (a) localized, or (b) diffuse, osteo- 
myelitis.” It may be converted into 


4. “A fulminating osteomyelitic phlegmon with an associated 
phlebitic meningitis,” either by operative trauma or upon the advent 
of a concomitant infection, especially an angina. 


VI. “Embolic Diffuse Hematogenous Osteomyelitis.” 


It may be limited to (1) one apex, with an associated (a) em- 
bolic mastoiditis and (b) meningeal irritation; or it may involve (2) 
both apices, because the infection is in the blood sinusoidal space of 


the marrow. 


The embolic character of the infection is early suggested by a 
(a) spontaneous rupture of the drum membrane; its (b) meningeal 
character by an (c) intermeatal type of facial weakness, or by (d) 
pain behind either eye, and the (e) exudate within the pontine cis- 
tern, by the absence of, or a great reduction in, the nystagmus in- 
duced by turning. 


Shortly after invasion of the apex the infection generally be- 
comes (a) semiacute, and then passes into (b) a chronic bone septic 
stage, or becomes completely (c) resting, resulting in (d) resolution. 
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However, it may (e) recrudesce, especially if the infected blood 
channels are traumatized by operation. 


VIL. “Recrudescent (Thrombotic) Osteomyelitis Associated With an 
Immediate and Continuous Blood Stream Infection (Positive 
Blood Culture) With a Terminal Thrombotic Meningitis or 


” 


Meningo-ence phalitis. 


VIII. Associated Osteomyelitic Infection of the Marrow-Filled Bones 
of the Base. 


Sinusoidal space osteomyelitic phlegmon of the sphenoidal 
basis,’ causing diffuse embolic foci, with terminal subdural space 


meningitis. 
IX. “Chronic Necrosing Osteomyelitis of the Sphenoidal Basis,” 


which, if traumatized by operation, may cause a fulminating 
meningitis. 


THE SURGICAL ANATOMY OF THE PETROUS APEX. 


The Petrous Apex, Primordially Filled With Red Bone Marrow, 
in Relation to Its Neighboring Structures—The petrous apex, dur- 
ing the growth of the base, is an adaptation of a primordial red-bone 
marrow-filled proliferating organ, its morphologic pattern being a 
modification of the spongiose bodies of the vertebre with sinusoidal 
hematopoietic spaces; but its manner of growth is that of a growing, 
proliferating, epiphyseal end of the diaphysis of a long bone. 


However, the substantia within the spongiosa of an apex is not 
dependent for its nutrient upon blood from one artery, as is a 
diaphysis; for an apex receives nutrient blood not only from the 
internal carotid artery, but also from the circulatory system of the 
dura, and from the soft parts of the oropharynx. Thus, because of 
its specific morphologic structure an apex may be the site of forms 
of osteomyelitis which resemble osteomyelitic infections of the ends 
of a long bone or the substance of a vertebra. 


The Influence of Infection on a Pneumatized Apex.—When 
pneumatization extends into an apex, it loses the potentialities which 
are inherent within its protoplasmic marrow. The protective reaction 
of a completely pneumatized petrous apex is then carried on by 
means of leucocytes and other elements brought to it by the general 
blood circulation, as is the case with the pneumatized bone of the 
mastoid, the response of a pneumatic apex ceasing to be a local re- 
action performed by motile histocytes furnished by the red bone 
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Fig. 1. Section of carotid from the petrous apices. There is periarterial 
inflammatory cell infiltration but no evidence of thrombophlebitis in the 
arterial walls which caused an extensive subdural space abscess covering 


two-thirds of the adjacent cerebral hemisphere. 


marrow itself from its own endothelial sinusoidal reticulum, as is 


the case with red marrow-filled bone. 


However, when an apex which is only partially pneumatized 
becomes the site of infection, its adjacent fat bone marrow, if given 
time, may control the infection by reverting to its primitive cellular 


red marrow condition. 


Factors Causing the Unique Lesions of Apical Suppuration.— 
Thus, there are (a) embryologic and (b) growth factors, as well as 
(c) histologic structural peculiarities of the bones forming the mesial 
area of the cranial basis that dictate (a) the form a suppurative 
lesion will assume, and (b) the course that it will take. 


Neighboring Vascular Paths of Infection From an Apex.—Of 
even greater importance is the (c) position of the apex in relation to 
neighboring vascular structures of the cranial basis and neural tissue. 
For during the growth of the apex, when the sinusoidal marrow is 
functioning, its spaces empty into (a) the small plexuses, some of 
which connect the cavernous sinus with the tympanomastoid area; 
while (b) the carotid artery and its encircling carotid plexus pass 
through the apex, and the (c) superior and inferior petrosal sinuses 
surround it. Any infection of sinusoidal marrow within the bone of 
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Fig. 2. Thrombosis and inflammatory infiltration in a vessel of the 
carotid plexus surrounding the carotid artery in its petrous portion, which 


give rise to phlebitic arachnoid space meningitis. 


an apex communicates with the perivascular or vascular channels, 
and thus infection may be transmitted not only extradurally but 
also into the subdural or intradural tissue. 


An intra-arachnoid infection occurs most frequently, especially 
while the bone is growing. For the younger the bone, the freer and 
more intimate are these “‘receptacular,” “rayed” and parvidural” * 
vascular connections; for most of the smaller plexuses become oblit- 
erated at the completion of osseous growth. For there is macroscopic 
evidence that the petrous apex is the exciting cause of meningitis 
during infancy in many cases which are usually classified as of un- 
known origin. 

The Early Lesions of Sinusoidal Osteomyelitis of the Apex Are 
Microscopic Because of the Blood Vessel Nature of the Infection.— 
In the early stages of all sinusoidal osteomyelitides of growing chil- 
dren the osseous structure appears normal, the only change observa- 
ble being that the red bone marrow has rather a too red or a slightly 
juicy appearance. However, the normal bone marrow of an apex of 
a fully grown basis is fatty, and upon the approach of infection 
this fat may again become red bone marrow, which now is a sign of 
reaction. At first there are no changes to be seen in it macroscopi- 
cally. 








SUPPURATION OF THE PETROSAL PYRAMID. 








Fig. 3. The sections of the lining of the sphenoid sinus showed purulent 
inflammation and necrosis. Culture from the left sphenoid: streptococci and 
staphylococci. Culture from the right subdural abscess: streptococcus 


mucosus. 


Miliary Foci of Suppuration.—Later in the course of the disease 
there are diffuse miliary abscesses in the marrow, accompanied by 
radiographic changes in the trabeculx of the bone. 


1. The Complicating Extradural Abscess or an (2) Associated 





Phlebitis—The miliary foci now coalesce, causing an encapsulated 
abscess, which may fill the apex, leaving the compact bone of the 
cortex intact, or may perforate through either the superior or the 
posterior surface, causing either the well-known (1) extradural ab- 
scess over the apex,”’ or a (2) petrosal or cavernous sinus thrombosis. 


3. Phlebitic Subarachnoid Infection and (4) Subdural Space 
Abscess.—When, however, a perivascular sinusoidal osteomyelitis of 
the apex passes out of the bone marrow—as it is primarily a blood 
space infection—it attacks the coats of the adjacent blood vessels, and 
thus may cause (a) thrombophlebitis of the carotid plexus or (b) 
perivasculitis of the wall of the carotid artery. The phlebitis may 
spread in the subarachnoid spaces as (3) pial vessel meningitis or 
give rise to a subdural space abscess. (Fig. 3.) 


Erbleichung.”—Infection which extends into the cerebral tis- 
sues by a vasculitis is evident by a (a) local “Erbleichung” (Spiel- 
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meyer”) of, or (b) punctate hemorrhages into, the deep cerebral 
tissues, and is associated with (c) cerebral edema. The macroscopic 
change in “Erbleichung”’ is so slight that it is overlooked if not care- 


fully searched for. 
SUMMARY. 


The lesions of infections of the petrous apex are distinctive: 
They may be of the nature of (a) a pyogenic sinusoidal osteomyelitis 
as seen in the sphenoidal basis; or adhere to a type of (b) osteitis so 
commonly seen in mastoiditis; lastly, infection in a petrous apex may 
give rise to a unique reactive process within the mastoid, viz., (c) 
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plasma cell mastoiditis. Because of its embolic origin and specific 
morphologic structure a pyogenic lesion of a petrous apex may 
assume one of the forms of (a) sinusoidal osteomyelitis so fre- 
quently seen in pyogenic lesions of the sphenoid basis; or if the 
apex is pneumatized the inflammation may partake of the nature 
of (b) osteitis or mastoiditis, or be (c) a combination of both. 
Lastly, infection within an apex may give rise to (d) a secondary 
specific type of plasma-cell mastoiditis."' But in all cases an infective 
lesion of an apex is (a) pathognomonic and (b) runs a distinctive 
course, because of the inherent red bone-marrow potentialities of the 
bone. Consequently petro-apicitis (c) calls for a different surgical 
viewpoint from that of infections of adjacent osseous tissues, such 
as mastoiditis, nasal sinusitis or osteomyelitis of the cranial vault, 
with each of which apical suppuration is a frequent but not an 
invariable complication, for it may be the primary lesion in the bone. 
CONCLUSIONS. 

1. Red bone marrow is normally present in the apex during the 
growth of the skull base, at which time it is a sign of growth. After 
the early years its presence is apt to be due to the reaction of the bone 
to infection. 


2. The red bone marrow of the sphenoid basis contains a spe- 
cific biocellular protective mechanism which has a (a) locally 
immunizing, antibactericidal influence, as well as (b) specific repara- 
tive properties inherent within its reticulo-histocytic (macrophage) 
system. This continues throughout life. A similar mechanism exists 
in the petrous apex, which contains fat marrow; in which case adja- 
cent air-filled cells may be reconverted into red bone marrow upon 
the approach of infection. 

Consequently, infection within the petrous apex has a tendency 
to spontaneous subsidence, efficient drainage of the associated mastoid 
suppuration being all that is necessary to effect a cure. 

3. A pathogenic infection of the apex is usually (a) a true 
osteomyelitis; (b) it runs a distinctive course, and for its successful 
surgical treatment it (c) requires a viewpoint differing from that 
of the infective processes so general in mastoiditis. 

It is its blood space nature that gives osteomyelitis of the apex 
its especially dangerous character. The infection within the marrow 
spreads by way of a phlebitis or periarteritic infection and lights up 
an obliterating vasculitis of the vessels within the meninges or of the 
brain substance, particularly in the phlebitic types of infection 
(pneumococcus and streptococcus hemolyticus). 
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4. Symptoms.—Diffuse osteomyelitic infection is characterized 
by blood stream invasion—(a) by a chill or chilly feeling. (b) 
Hyperesthesia or (c) anesthesia of the homolateral cornea is a fre- 
quent symptom of apical infection, although it may be present only 
intermittently. Asa corneal abnormality is unknown to the patient, 
it, together with (d) slight stiffness of the neck, should be repeatedly 
searched for, especially during the periods when the patient is suffer- 
ing from a headache. 


In the presence of other symptoms of meningeal infection, (e) 
the absence of vestibular reactions, to turning with preservation of 
hearing in one or both ears, is of the greatest assistance in the diag- 
nosis of localized pontine cisternal meningitis. The double non- 
irritability of the vestibular apparatus to stimulation is due to exu- 
date entering the arachnoid prolongation of the internal auditory 
meatus. (f) There is an “intrameatal type of facial paresis,” which 
is diagnostic of apical involvement. Consequently, in a case of sup- 
purative meningitis if, during the course of the disease there has 
occurred any pain in the eye, even if seated in the opposite eye, or 
if there be, or has been, a “suspicion of a facial weakness,” the 
petrous apex should be explored, as it may contain the pyogenic focus 
which is the immediate cause of the meningitis. 


§. Diffuse resting osteomyelitis of the apex may be converted 
into fulminating sinusoidal space phlegmon by operation. 


6. Fulminating phlebitic meningitis is especially apt to be occa- 
sioned by an osteomyelitic phlegmon, in which case the blood vessel 
infection within the meninx is but a part of a diffuse phlebitis 
involving many vessels in the bone. 


7. The operation of “unlocking of the petrous pyramid,” asso- 
ciated with a preliminary ligation of the carotid, or a modification 
of it are the only procedures that fully expose all areas around the 
ear which may possibly be the “tract” of infection and that allow 
of adequate exposure of the apex. It should be the method of ap- 
proach in all patients threatened with or suffering from a compli- 
cating intracranial suppuration, as it alone allows of drainage of 
the pontine cistern mesial to the prolongation of the arachnoid mesh 
without injury to the brain. 
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V. SUMMATION AND CONCLUSIONS OF SYMPOSIUM 
ON SUPPURATION OF THE PETROUS PYRAMID.* 


CX VIE. 
Haro rp I. Lituie, M. D., 
ROCHESTER, MINN. 


The responsibility for the summation of the data for this sympo- 
sium has been placed in my hands. It has been accepted with no little 
misgiving. The president has requested that the emphasis be laid, 
first, on diagnosis; second, on when operation is indicated; and third, 
on whether a conservative or a radical operation is indicated. 


At first glance, it might seem that such an assignment would 
be rather simple. However, many difficulties have arisen. Iam greatly 
appreciative of the excellent manner in which the contributors to 
the symposium have coéperated by sending their papers to me in 
advance. I would like to have had much more time than I have had 


to prepare this part of the symposium. 


information gained from the study. of statistics, although help- 
ful, seldom can be accurately adapted to the requirements of the 
individual patient. One needs to be familiar with many facts regard- 
ing suppurative disease of the petrous pyramid. In the final analysis, 
however, the otologist will be required to rely on his own clinical 
and surgical judgment. 
ANATOMIC AND HISTOLOGIC CONSIDERATIONS. 


Guild has presented a very comprehensive discourse on the 
anatomy, histology and surgical relations of the petrous pyramid. 
He points out that the term, petrous apex, is used by different authors 
to describe different regions of the pyramid: the surface of the smaller 
end, the portion anteromedial to the cochlear capsule and the portion 
anteromedial to the superior semicircular canal. He also brought out 
that there is so much variation in the size, shape and conformation 
of the petrous pyramid that a normal can scarcely be described. 
However, there are certain outstanding features regarding the petrous 
pyramid that are more or less typical. 

The petrous pyramid, according to Guild, may consist of can- 
cellous (spongy) bone with the spaces almost entirely occupied with 


*From the Section on Otolaryngology and Rhinology, The Mayo Clinic. 
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hematopoietic (red) marrow, with an almost pure fatty marrow, or 
with a mixture of these two types of marrow. It also may consist 
of a solid dense bone with only a small amount of marrow. Fre- 
quently the petrous pyramid is made up of pneumatized spaces, solid 
bone, cancellous bone with red bone marrow and fatty marrow; there 
is no regularity to the arrangement of these tissues with reference to 
each other. 

Because the otic capsule is the least variable portion of the 
petrous pyramid, the position of the pneumatized cells which occupy 
the petrous pyramid may best be named according to their relation 
to the otic capsule. For example, those cells that appear below the 
posterior aspect of the labyrinth may be called the sublabyrinthine 
cells; those that appear behind the labyrinth may be called the post- 
labyrinthine cells; those that appear around the labyrinth may be 
called the perilabyrinthine cells; and those that appear on the anterior 
surface in front of the otic capsule may be called the antelabyrinthine 
cells. The antelabyrinthine cells would include the cells around the 
carotid canal, eustachian tube and those nearer the tip of the pyra- 
mid. It is known, of course, that the pneumatization develops from 
three main points of origin. It starts in the region of the eustachian 
tube, extends to the middle ear, and then to the region of the tym- 
panic antrum. Cells that originate in the tympanic antrum have been 
traced by serial section above and around the labyrinthine capsule to 
the region of the eustachian tube and carotid canal, and vice versa. 
Cells which originate in the region of the carotid canal and eustachian 
tube have been traced over the superior aspect of the petrous pyramid 
toward the tip, or backward behind the labyrinth. The situation of 
a cell with reference to some near-by landmark is not an infallible 
indication of its origin. These facts have definite clinical significance, 
as Kopetzky has stated. 

The petrous pyramid is related to very important anatomic 
structures. Above and behind it is the superior petrosal sinus; below 
and in front is the carotid artery, the jugular bulb, and the inferior 
petrosal sinus. Small vessels which arise in the petrous pyramid 
empty into these various channels. Nothing is known about the 
lymphatics from this region. 

The petrous apex articulates with the body of the occipital bone 
and with the posterior angle of the greater wing of the sphenoid 
bone. Occasionally specimens show a marked pneumatization of these 
regions. 


The upper surface of the petrous pyramid is covered with the 
dura mater of the middle fossa. The posterior surface is covered with 
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the dura mater of the posterior fossa. The dura in this region is 
firmly bound down and thinner than the usual dura and may be 
difficult to elevate from the bone, especially if inflammation is present. 

Inferiorly, the petrous pyramid is very near to the lateral wall 
of the vault of the nasopharynx. This is important because, clinically, 
cases have been observed in which the suppurative process has local- 
ized in the form of a nasopharyngeal abscess. 

The trunks, or the roots, of seven cranial nerves, from the fifth 
to the eleventh inclusive, are in close relation to some part of the 
petrous pyramid. For this reason, in obtaining complete information 
regarding disease of the petrous pyramid, one might search for in- 
volvement of these various nerves. The jugular foramen syndrome 
already has been described in connection with suppurative lesions of 
the temporal bone. The sensory innervation of the petrous pyramid 
is complex, but the pain which is described as typical of inflamma- 
tion in this region is said to arise from involvement of the greater 
superficial petrosal nerve. The tympanic branch of the glossopharyn- 
geal nerve, which sometimes is called the nerve of Jacobson, receives 
a communicating branch from the facial nerve near the geniculate 
ganglion; beyond this point it is known as the lesser superficial petro- 
sal nerve and passes through the superolateral part of the perilaby- 
rinth and out along the surface of the antelabyrinthine part of the 
petrous pyramid, where it occupies a groove very close to the greater 
superficial petrosal nerve. Through its connection with the otic 
ganglion it supplies the parotid gland with secretory fibers. Disturb- 
ance of parotid secretion may aid in localizing a petrous pyramid 
infection. The internal carotid sympathetic plexus, which passes 
through the antelabyrinthine part of the petrous pyramid in the 
carotid canal, is the direct continuation upward of the cervical sym- 
pathetic trunk. All these nerves enter into relation with the branches 
that are distributed from the sphenopalatine ganglion. Guild sug- 
gested that, since the innervation of the dilator muscle of the pupil 
comes from nerve fibers that course in the carotid sympathetic plexus, 
differences in the size of the pupils might be caused by an infection 
near the carotid canal. The dura mater overlying the petrous pyramid 
is supplied with sensory fibers from the meningeal branch of the 
ophthalmic division of the trigeminal nerve. The anatomic relation 
of the petrous pyramid to surrounding structures is very intricate. 

CORRELATION OF ROENTGENOLOGIC AND PATHOLOGIC FINDINGS. 


The complex and variable anatomic structure of the petrous 
pyramid makes it difficult technically to bring out, in an x-ray film, 
important anatomic structures, and also makes it difficult clinically 
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to interpret any changes in relation to underlying pathologic proc- 
esses. Clinical experience has demonstrated that comparison of the 
suspected petrous pyramid with normal petrous pyramids may be 
helpful but not necessarily diagnostic. Estimation of the general 
pneumatic development and cellular arrangement in the individual 
patient may inferentially be helpful and may indeed be misleading. 
Studies of numbers of petrous pyramids have demonstrated that the 
petrous pyramid frequently may be pneumatized; whereas, the mas- 
toid process in the same patients may be diploic, and vice versa. If 
the pathologic condition in the petrous pyramid is osteitis or osteo- 
myelitis, changes in the bone, which are shown by roentgenogram, 
may occur too late to be of diagnostic value. In pneumatized petrous 
pyramids one may expect to gain more helpful information. In the 
present state of our knowledge of the roentgenographic interpretation 
of changes seen in the petrous pyramids, Taylor has said that “every 
change in the roentgenographic appearance of the petrous apex does 
not indicate a suppurative lesion of the petrous apex.” Law has said 
that it is not possible to make a diagnosis of suppuration of the pet- 
rous pyramid from the information gained from the roentgenogram 
alone. It frequently has been suggested that roentgenograms of the 
pyramid should be made each time a roentgenogram of the mastoid 
process is made, as such comparative studies should be very helpful 
in the study of the case at hand, and also in evaluating the clinical 
significance of future roentgenograms of other patients. 
THE CLINICAL PICTURE WITH SPECIAL REFERENCE TO 
DIFFERENTIATION OF TYPES. 

This symposium has considered the actual pathologic changes 
that take place in infections of the petrous pyramid. Eagleton has 
classified infectious processes in the petrous pyramid as follows: 

1. Reactive and reparative osteitis. 

2. Nonsuppurative congestive lesions; symptoms are the result 
of venous stasis. 

3. Chronic sepsis of bone (without microscopic pus). 

4. Abscess of the apex. 

(a) Without a tract. 
(b) With a tract. 
5. Acute septicemia associated with continuous positive blood 


cultures and meningitis. 


According to the anatomic description, there may be three dif- 
ferent types of structure, or a combination of all types and, therefore, 











SUPPURATION OF THE PETROSAL PYRAMID. 1133 


patients whose bone marrow spaces are involved may have an osteo- 
myelitis and those patients whose pneumatized cells are involved may 
have an encapsulated empyema. Later, an abscess may form or the 
infection may be of such a nature that it is not limited by suppura- 
tion and extends to the intracranial cavity. This may occur in spite 
of any surgical interference that might be instituted. When it is 
recalled that the structure is variable, it is conceivable that a com- 
bination of abscess of the pneumatized areas and osteomyelitis may 
coexist. The avenues by which infection extends into the petrous 
pyramid and causes symptoms are cells which originate around the 
tympanic antrum, the epitympanic space, the peritubal cells and the 
cells in the carotid canal. Furthermore, there may be an extensive 
suppurative process in the sublabyrinthine group of cells without the 
presence of any symptoms usually assigned to suppuration of the 
petrous pyramid. It is not an unusual experience to find such an 
involvement when the mastoid is carefully exenterated according to 
the suggestion of Kiister. 


The symptoms of suppuration of the petrous pyramid are pain 
in, around and behind the eye on the homolateral side; continuous 
aural discharge during this period of pain, and a low grade sepsis. 
In addition, a palsy of the abducens nerve may occur. These symp- 
toms may become quiescent and one may be hopeful that the patient 
is recovering, only to have the symptoms recur. In the terminal stage 
symptoms of invasion of the intracranial structures occur. Not 
infrequently one or more symptoms may be lacking and confuse the 
diagnosis. 


The symptom complex of petrous pyramid suppuration may 
occur in the course of a coalescent mastoiditis or may occur in the 
convalescent period following a mastoid operation. In the majority 
of cases that have been reported in the literature this symptom com- 
plex has followed a mastoid operation. I would like to interject the 
thought that this syndrome of suppuration of the petrous pyramid 
must not be confused with Gradenigo’s syndrome. Patients with 
Gradenigo’s syndrome may have pain behind the eye and a palsy of 
the abducens nerve. This syndrome is not characteristic of any spe- 
cific lesion. 

It would seem that those cases in which an abscess develops 
would be the only cases in which surgical interference would offer 
much chance for controlling the disease. If operation is performed 
too soon in the course of osteomyelitis, before suppuration has taken 
place or before an abscess has formed, it might offer insurmountable 
obstacles to successful management. In the treatment of osteomye- 
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litis elsewhere in the body, surgical interference usually is not at- 
tempted until suppuration has occurred. 


In the cases reviewed by Seydell, 60 per cent presented quite 
typical clinical pictures. The onset of the symptoms occurred late 
in the course of the convalescence following a primary mastoid 
operation. In his group of cases the palsy of the abducens nerve did 
not have a definite place in the clinical picture. In the 112 cases 
reviewed by Eves, seventy-one patients recovered and twenty-nine 
succumbed as a result of complications. He has added four cases. 
It can be said that, although there is a certain clinical syndrome asso- 
ciated with suppuration of the petrous pyramid, all symptoms or 
signs may not be present in any one patient. 


THE CHARACTER OF THE PAIN. 


The pain is very definite. There is no mistaking the fact that 
the patient has pain. It is situated in, behind or around the eye. It 
usually begins at night, and the waking hours may give periods of 
freedom. The onset of the pain may occur at any time, but usually 
rather late in the course of the convalescence following a mastoid 
operation. However, it must be stressed that it may occur before a 
mastoid operation has been performed. When this occurs it provides 
definite information which should cause the surgeon to search for 
evidence of pyramid suppuration. The pain usually is relieved after 
the suppurative process in the petrous pyramid spontaneously rup- 
tures or is evacuated by surgical effort. 


DISCHARGE FROM THE EAR. 


After the ordinary mastoid operation one usually expects the 
ear to be dry within the course of four or five days, particularly if 
the mastoid has been thoroughly exenterated. If the discharge con- 
tinues the surgeon suspects that something has been left undone. If, 
in a given case, the ear has become dry but the patient continues 
to have pain behind and around the eye, and suddenly the discharge 
from the ear recurs, these symptoms suggest that a suppurative pro- 
cess in the petrous pyramid has spontaneously evacuated itself, par- 
ticularly if the pain in the eye has been relieved. If the symptoms 
persist one may suspect that the drainage is inadequate. If the dis- 
charge from the ear has not ceased following a mastoid operation 
and continues to be profuse in amount or cannot be accounted for 
on the basis of suppuration in the middle ear itself or in the eusta- 
chian tube, particularly if it is combined with the characteristic pain 
that has been described, one must suspect petrous pyramid suppura- 
tion. If the other symptoms of suppuration in the petrous pyramid 
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are present but there is no discharge from the ear or from the opera- 
tive wound, then the indication for further operation is more urgent. 


THE PERIOD OF LOW GRADE SEPSIS. 


Following a mastoid operation or during the course of suppura- 
tive otitis media and mastoiditis of the coalescent type, besides a 
continuous aural discharge and pain, the patient may manifest a low 
grade type of septic fever. The suspicion that the petrous pyramid 
is involved in the suppurative lesion is increased. The laboratory aids 
may not help particularly. The general picture is such that one 
realizes the patient is not following the usual course for an ordinary 
suppurative otitis media and mastoiditis, and that some cause must be 
sought for to explain the sequence of events. The illness is not so 
severe as one sees in an infection of the blood stream, and none of 
the signs or symptoms of meningitis are present, other than the head- 
ache and fever. The general physical examination does not reveal 
any evidence of disease elsewhere in the body, and this survery of the 
general condition makes one believe that the clinical course is caused 
by disease in the temporal bone. Should the patient gradually recover 
or the syndrome suddenly disappear, false hope of complete recovery 
may cause one to overlook the possibility that it is merely a period 
of quiescence. If the symptom complex recurs, certainly one must 
consider doing something for the patient. If the terminal stage of 
intracranial extension supervenes, it is too late. Other findings of 
importance may be had from an examination of the spinal fluid and 
the eyegrounds. The roentgenographic examination is extremely 


important. 


In this connection it is very important to stress the importance 
of eliminating such coexisting infection as suppuration in the sphe- 
noid or posterior ethmoid sinuses. | recall, from my own experience, 
two fatal cases in the past, which were not associated with the syn- 
drome of petrous pyramid suppuration. Both patients died of menin- 
gitis and necropsy revealed that the cause of the meningitis was 
extension of the infection from the posterior ethmoidal and sphe- 
noidal sinuses. When one realizes that a marked pneumatization of 
the petrous pyramid and the sphenoid bone may occur, and that 
infection may spread from either source, one can readily understand 
how extension to the meninges can easily occur from either source. 


FUNDAMENTALS OF THERAPY. 


It may be, I think, safely said that the rational method for treat- 
ment of such a serious disease as suppuration of the petrous pyramid 
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is surgical interference. The fact that occasional spontaneous reso- 
lution may take place in suppurative lesions of the petrous pyramid 
does not militate against this point of view. It would seem to me 
rational to believe that when the diagnosis is well established and the 
patient fitted into the clinical picture described, that delay in the 
institution of adequate surgical interference would be detrimental 
to the welfare of the patient. 


In approaching a suppurative lesion of the petrous pyramid, if 
one accurately has diagnosed the situation of the suppuration, one 
can proceed directly to this region. In attempting to locate the site 
of the lesion one may be influenced perhaps by certain features, such 
as the cellular arrangement, or by the fact that the significance of 
signs referable to certain cranial nerves may have been interpreted 
correctly. Still much is to be desired in accurate localization on the 
strength of physical signs or symptoms. I question, in the present 
state of our knowledge, whether or not the suppuration can be local- 
ized in many Cases. 


One may well turn back to the dogma of Kiister, who recom- 
mended that one should be prepared “to open up the bone freely so 
that it can readily be scrutinized, to clear away all disease and so fully 
to expose the source of suppuration that the pus is nowhere checked 
in its outflow.” I would grant further that it would be well to keep 
within the capsule of the pyramid if it were possible. In general, it 
can be said that one should approach this surgical problem prepared 
to attack the pyramid in an orderly manner without preconceived 
ideas or prejudices. One must not speak of conservative or radical 
surgical interference but should speak of the surgical interference as 
adequate and rational. Suppuration of the petrous pyramid is a seri- 
ous disease and heroic measures may be necessary. 


If the syndrome of petrous suppuration is present before surgi- 
cal interference has been instituted on the temporal bone, one may 
proceed in a purposeful, orderly manner to expose and explore the 
regions in which the disease may be present. Likewise, if the syn- 
drome appears in the course of convalescence from a previous mastoid 
operation the surgeon should approach the lesion in the same orderly 
manner. What I would consider to be an orderly approach would be 
to explore in turn the cells behind the labyrinth, above the labyrinth, 
and then to proceed to the zygoma. If careful exploration and 
exenteration of the cellular elements does not reveal a source of sup- 
puration, or if there are no fistulas to be made out, it then is easy to 
extend the operation into the so-called radical mastoid exposure to 
permit the hypotympanum, the region of the eustachian tube and 
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of the carotid canal to be searched for the source of the trouble. 
In this latter region one can use the technic suggested by Almour 
or many use that of Ramadier. Each individual case will be a prob- 
lem unto itself. 


It is suggested that if one is able to keep within the capsule of 
the petrous pyramid it might be very advantageous, because exposure 
of the intracranial structures is avoided. However, those of us who 
have encountered a number of cases of suppuration of the petrous 
pyramid have found that the lesion may be associated with an epi- 
dural abscess, and under these circumstances the intracranial struc- 
tures have already been exposed by the disease. Further, it is con- 
ceivable that, because of the structure and form of the petrous pyra- 
mid, one would need to approach the inner aspect by exposing the 
intracranial structures, that is, by elevating the dura, or perhaps, in 
order to have adequate exposure, by tapping the ventricle and 
relieving intracranial pressure so that the brain can be handled easily. 


If the lesion in the petrous pyramid is an osteomyelitis, it is dif- 
ficult to say how the problem should be approached from the surgical 
standpoint. In the treatment of osteomyelitis elsewhere in the body 
the surgeons do not approach the lesion unless they feel certain that 
suppuration has taken place. Waiting for suppuration to take place 
may result in the onset of the terminal stage of intracranial exten- 
sion. But could this have been avoided? The nature of the infection 
is such that it is improbable that the fatal complication could have 
been avoided. In general, it is evident that there is no one surgical 
approach that will be adequate or rational in all cases. 


CONCLUSIONS. 


1. The syndrome of suppuration of the petrous pyramid may be 
considered to be an established entity. 


2. The structure of the petrous pyramid is so variable that the 
normal can scarcely be defined. 


3. Pathologic features of the lesion are fairly well understood. 
As the pathologic changes are better understood, and the clinical 
observations more accurately interpreted than they are at present, 
future studies may be expected to reveal the correlation between the 
location, the nature of the lesion and the clinical symptoms. 


4. The suppurative lesion may be present in the postlabyrinth- 
ine, supralabyrinthine, perilabyrinthine, sublabyrinthine or ante- 
labyrinthine regions. 
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5. The surgical approach to the lesion should be conducted in 
a purposeful, orderly manner without preconceived. ideas or preju- 
dices. 


6. Surgical intervention should be described as adequate or 
rational; not as conservative or radical. 


7. The optimal time for surgical interference may be difficult 
to determine. Each patient will always be a problem for individual- 
ized surgical judgment. 


CXIX. 


VI. DISCUSSION. 


Dr. S. J. Kopetzky: I believe that this symposium has definitely 
established suppuration of the petrosal pyramid as a clinical entity; 
and the symptoms have been made sufficiently comprehensible so that 
a diagnosis is possible during life. Dr. Eagleton has given us the 
philosophy and an outline of the pathology in osteomyelitic lesions. 
The clinical picture and the course of osteomyelitis, which varies 
greatly from that presented by osteitis, has not been dwelt upon in 
much detail. To complete the record I will place this clinical course 
before you. 


According to Ramadier, we deal with two forms of osteomyelitic 
lesions in the petrosal pyramid. One form is termed hematogenic; 
and this hematogenic form might very well fit in with the description 
that Dr. Eagleton gives of his acute septicemic cases. The second 
form is otogenic. The hematogenic form of osteomyelitic lesion is 
most frequently found in the very young. The clinical picture is one 
of general infection. There is marked prostration; there are gastro- 
enteritic disturbances; and often the signs of pulmonary involvement 
cloak and cover the advance, step by step, of the infection as it 
infiltrates the diploic bone, with its contained bone marrow, in the 
petrosal pyramid. Otitic phenomena are present but the signs and 
symptoms from the middle ear do not dominate the clinical picture. 
Eventually, and almost inevitably, the lesion reaches the endocranial 
structures; and the terminal picture is that of a meningitis. One 
significant characteristic has been established: the lesion is usually 
bilateral. 


Otogenic osteomyelitis, on the other hand, more clearly takes 
a course which shows it to be a sequela of otitic infection. This form 
of osteomyelitis is not confined to infancy or childhood. It occurs, 
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usually, in the course of a middle ear suppuration. Its onset most 
often takes place after the initial acute phase of the suppurative otitis 
assumes a subacute status. Nevertheless, its onset is marked by acute 
signs. Suddenly, in the course of an otitis which has seemingly 
subsided into a prolonged otorrhea, there are violent auricular, peri- 
auricular and hemicranial pains on the side of the head from which 
there is a middle ear discharge. The tympanic cavity infection sim- 
ultaneously shows an increased intensity and the discharge from 
the middle ear becomes more profuse. The temperature ranges from 
100 to 102 degrees F. Sleep is disturbed; and often an edema ap- 
pears over the area of the upper attachment of the auricle. The 
external canal walls become edematous and painful to touch. This 
tenderness of the peri-auricular region is in marked contrast to the 
absence of the usual signs of tenderness of the mastoid process. The 
painful edematous swelling spreads to the surrounding region, and 
inflammatory processes become evident in the upper cervical, the 
occipital and the temporomaxillary region. The complicating lesions 
which may occur are metastatic, involving the lungs in a broncho- 
pneumonic process, or secondary infectious foci almost anywhere 
in the body. If allowed to progress uninterruptedly, death ensues 
from sepsis, pulmonary complications or from meningitis. 


Helpful toward furnishing diagnostic data is the use of roentgen 
films. These show a diploic type of bone structure and locate areas 
of decalcified bone in the petrosx, and often in the zygomatic areas. 
Where evidence of the spread of the lesion is thus presented as being 
in the squama or in the adjacent bone tissue of the occipital or parie- 
tal bone, this diagnosis of the lesion becomes positive roentgenologi- 
cally. When this evidence is accompanied by a clinical picture as 
outlined above, diagnosis is established. 


With the osteomyelitic lesions, diagnosis is concerned with the 
recognition of the lesion itself. Where, however, we deal with one 
or other form of coalescent osteitis, diagnosis concerns itself not only 
with the recognition of the lesion per se but, as Ramadier so well 
points out in his significant remark, “J? presents itself less as a diag- 
nosis of lesions than as a diagnosis of therapeutic indications.” 


Fundamentally, these diagnoses of therapeutic indications come 
back to three principles: Recognition of (a) The otomastoidal stage, 
(b) the intrapetrosal stage, (c) the peripetrosal stage. 

The keynote of the various discussions and papers is, in my 
opinion, found in Guild’s, Fowler’s, Almour’s and Nash’s presenta- 
tions. The otomastoidal stage is stressed by Nash in his discussion 
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of the so-called chronicities. Almour’s nomenclature, and his plea 
for the study of minutiz of the clinical picture, fit in well with the 
hope expressed by Guild, who asks that we take full advantage of 
all anatomic relationships of the petrous pyramid, both positive and 
negative, to localize the lesions exactly. Thus we will be able to recog- 
nize the intrapetrosal stage and select the proper therapeutic ap- 
proach which, as Lillie pointed out, must, after a period of compe- 
tent supervision, be of a surgical nature. 


The peripetrous stage, involving veins, with its accompanying 
phlebitic clinical picture, nerve involvement and dural infections, is 
also recognizable, and surgical therapy must be prompt to stop the 
advance of the lesion. The soft palate and the pharynx must be kept 
under observation to detect gravity abscesses which are also to be 
construed as of the peripetrous stage of the lesion. 


A wide range of difference is apparent ‘between the findings 
of Guild and the findings of Gordon Wilson, into which I have not 
time to go. These discrepancies and observations and interpretations 
need further elucidation and discussion. 


Fowler’s correlation of roentgenograms with pathology finds us 
in full accord with him. Like Taylor, he stresses the fact that from 
roentgenograms alone diagnosis is impossible and should not be at- 
tempted. There is one point that was not mentioned, namely, that 
roentgenograms are the only means by which we can determine the 
advancement of decalcification. The finding of halisteresis is impor- 
tant. Secondary and subsequent x-rays determine its progress and 
add diagnostic data. I agree with Dr. Fowler that x-ray interpre- 
tation is very difficult, but a trained roentgenologist will always be 
able to interpret the films. 


Dr. Haroip G. Tosey: We have listened to a complete expo- 
sition of the subject at hand, delivered so clearly and splendidly that 
there is little to add at this time. 


Dr. Kopetzky is to be congratulated on his grasp of the situa- 
tion and in having gathered up the loose strands of individual 
experiences and forging them into a clear clinical concept. However, 
it is inevitable that in emphasizing a particular concept there must 
be a narrowing of the focus. It is this narrowing that so often makes 
it difficult for us to fit our individual problems into it. 


So fine has been the focus that I have often been confused in 
the interpretation of the symptoms, and in my contact with others 


I have found this same confusion. 
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I have found myself focusing on the closed empyema of the 
petrous tip to the utter exclusion of involvement of other portions 
of the petrous and I am sure that others have had the same expetri- 
ence. However, when we recall past experiences with infection of 
the petrous, with or without sequestration and extradural abscess and 
the symptoms there presented, the concept has a more familiar ring. 
Now our grasp of a given subject is inevitably influenced by our per- 
sonal experiences. 


My experience has been that suppuration of the petrous may 
occur at any level between the base and the tip and give rise to the 
identical symptoms which have been enumerated today. This may 
possibly account for some of the differences of opinion as to what 
constitutes adequate management of a given case. 


Let us consider a few of the essential points: 


1. All are agreed that such cases occur in the pneumatic type 
of bone, which of course presupposes a pneumatic type of mastoid. 


2. The four periods of progressive involvement are distinct. 


(a) Pain.—The typical pain is described as being “‘retro-orbital, 
in and around the eye.””» Now many patients are unable to definitely 
localize pain, so we may find the pain- distributed to the parietal, 
temporal and mandibular regions also. Pain about the eye and in 
the temporal regions has for a long time been considered as an indica- 
tion of dural irritation in the middle fossa. The typical pain may be 
due to swelling about the ophthalmic nerve in empyema of the tip 
of the petrous, but we should recognize that less typical pain may 
mean dural irritation nearer the base of the pyramid or even sup- 
puration of the tip. Here we have an example of the disadvantage 
incurred by the necessity to emphasize the typical. Kopetzky says, 
“When the surgical removal of the purulent focus in the mastoid 
process and middle ear does not result in the cessation of the pain 
distributed over the areas supplied by the second and third branches 
of the fifth nerve, the persistence of the pain should be viewed as sus- 
picious of a petrosal tip suppuration’’—a statement which may easily 
be lost sight of when so much emphasis must be placed upon the 
typical retro-orbital pain. 


(b) Aural discharge is almost a sine qua non. I will cite one 
case in which aural discharge was not present. D. D., a girl of fifteen 
years, presented all of the typical symptoms and signs, including 
positive x-ray findings, with the single exception of discharge from 
the middle ear or mastoid. Under careful and constant observation, 
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operative interference was not resorted to until the onset of menin- 
geal signs, fortunately with happy results. 


(c) Period of low grade sepsis seems to be constant. 
(d) I have not observed the period of quiescence. 
(e) The terminal stage I have observed all too frequently. 


X-ray.—The value of x-ray evidence is none too conclusive and 
must be considered in conjunction with the clinical evidence. In case 
of doubt, we should not be satisfied with the evidence presented by 
the x-ray plate exposed in one position, but should include a basal, 
an anteroposterior and a Stenver’s position. Often the x-ray shows 
marked involvement of the petrous without clinical symptoms sup- 
porting the diagnosis. The petrous may even go on to complete 
destruction in different areas with ultimate regeneration of the bone 
without symptoms calling for operative interference. 


I believe that if infection of the petrous pyramid is approached 
with a broadened focus, recognizing that all perilabyrinthine infec- 
tions, although causing nearly typical symptoms, do not necessarily 
result in closed empyema of the tip, much of the confusion which 
is now apparent will disappear. 


Dr. Georce M. Coates: This symposium has been an excellent 
one and has covered all the points we are ready to discuss at the pres- 
ent time. Petrositis, or petrous suppuration, is not new; the disease 
has been recognized for years. The fact that the petrous bone is 
pneumatized and that the spaces may contain suppuration does not 
mean that radical surgery is always necessary. Before we knew much 
about the surgery of the petrous bone many of these cases cleared up 
without surgical interference. I believe we have operated upon these 
cases at an earlier date than Dr. Eagleton states. I think some confu- 
sion has been cleared up as to the distinction between empeyma of 
the pneumatic cells of the petrous bone and osteomyelitis. The con- 
fusion has been partly on account of the fact that we have all types 
of bone in the petrous; some are pneumatic, some are diploic, some 
are mixed; there are probably more mixed types than anything else. 
Most petrous pyramids have some cells in them. I expected to speak 
on the subject of conservatism in treatment. I think conservatism 
is needed, but that does not mean that our attitude has to be static. 
In some cases radical surgery may be real conservatism. In all, I 
believe there has been an overemphasis on radical surgery. The medi- 
cal profession at large has got the idea firmly fixed in mind that 


when a patient shows symptoms of petrous infection there is nothing 
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to be done but a radical operation on the mastoid and petrous bone. 
I have been bothered to death by the pediatricians and the internists 
to perform these radical operations. I have been afraid of the results 
of this attitude when a case comes into the hands of the younger men. 
I have seen operations done by some of the younger men which have 
not been successful, and when operating they did not find the dis- 
ease. This is not an operation that should be undertaken by a tyro. 
On the other hand, we have had cases which have died from lack of 
interference. I had one such case myself. The patient died of osteo- 
myelitis, although there were no symptoms at all until a terminal 
meningitis supervened. Apparently there was nothing but a mild 
mastoiditis, healing very satisfactorily. The patient suddenly devel- 
oped meningitis and died within a few hours. This case had been 
very carefully watched and there were no symptoms that I could 
pick up to help me in the diagnosis of the case. We know now, as Dr. 
Guild has shown us, why the x-rays can be misleading. Key plates 
should be taken early, which we can use for comparison. Later, when 
we make subsequent exposures, if they show extension of the disease, 
we have something definite to go upon. We know also whether we 
are dealing with the pneumatized type, the diploic type, or the mixed 
type. We must not forget also that these symptoms may be due to 
other conditions which will have to be ruled out. These are the cases 
that have trigeminal pain and those with suppuration of the middle 
ear with low fever. 


Dr. Harris H. Vait: My contribution to this symposium is 
to bring up the importance of the greater superficial petrosal nerve. 
At the 1932 meeting of this society I asked if the ocular pains so 
typical in cases of petrous apex suppuration were due to an irritation 
of the ophthalmic division of the fifth nerve and stated that I felt 
that these pains were not due to irritation of the ophthalmic division 
of the fifth nerve but were the result of an irritation of the greater 
superficial petrosal nerve. (Vail, H. H.: Vidian Neuralgia with 
Special Reference to the Eye and Orbital Pain in Suppuration of the 
Petrous, Apex, Archives of Otolaryngology, February, 1933, Vol. 17, 
pp. 212-221.) At that time I presented the anatomic relations of 
the greater superficial nerve, and at the risk of repetition I would 
like to show you some lantern slides, one from Eckert-Mdébius’ work 
and another made from a photomicrograph given me by Dr. Guild. 
From these cross sections of the petrous bone the close relationship 
between pneumatic cells in the apex and the greater superficial petro- 
sal nerve is well shown. The eye and orbital pain is very characteris- 
tic of petrosal suppuration in its early stage, and inasmuch as great 
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stress has been placed upon it today it would seem to me highly de- 
sirable to know what produces it. No pathologic studies of the 
greater superficial petrosal nerve have been recorded in the literature 
because I imagine the nerve was not included in any sections. Sev- 
eral slides taken from Dr. Ziegelman’s article also show the nerve in 
its relations to the petrous apex. It should not be difficult in a fatal 
case of petrous apex suppuration to make serial sections to show the 
relations of the greater superficial petrosal nerve, and the findings in 
such work would answer this important question. It is well known 
that the greater superficial petrosal nerve carries sensory fibers from 
the sphenopalatine ganglion to the geniculate ganglion. Ziegelman 
proposed an operation to cut the nerve in certain conditions which 
were not well defined by him. I have had the same thought in efforts 
to relieve the neuralgia due to chronic sphenoiditis. Anatomic inves- 
tigations have shown that there is a sufficient variation of the point 
of the nerve’s emergence on the front wall of the petrous bone to 
suggest that it would require at times a much deeper exposure to 
expose the nerve. Furthermore, it is so firmly bound to the dura that 
it can easily be torn by elevation of the latter. 


Recently I have had the opportunity of seeing a patient who 
underwent a section of the sensory root of the gasserian ganglion for 
trigeminal neuralgia and who developed, a few months after the 
operation, a severe neuralgic pain in and back of the eye on the side 
of the operation, which pain was not there before the operation. 
Pins could be stuck in the skin without the patient perceiving them, 
and yet there was a severe constant neuralgic pain with at times 
paroxysms when pressure was made on the eyelid or eyeball. All or 
most of you are familiar with the approach used by the neurologic 
surgeons for operations upon the gasserian ganglion, and perhaps | 
need not remind you that after an elevation of the dura over the 
petrous bone to where the third division of the trigeminal is seen 
the dura is then incised and the ganglion exposed. In such an opera- 
tion the greater superficial petrosal nerve can be injured. That such 
trauma does occur is proven by the complication of a facial paralysis 
due, no doubt, to hemorrhage or trauma, eventually involving the 
geniculate ganglion. Dr. Alfred W. Adson, in a personal communi- 
cation, wrote that he would estimate roughly that about 5 per cent 
of trigeminal neuralgia cases have burning pains in the face and 
eyeball after a division of the sensory root. Dr. Harvey Cushing, in a 
personal communication, states: “In the old days there was a great 
deal of unnecessary tugging and pulling of the membranes which 
might easily have injured the superficial petrosal nerve, and whether 
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this is something which has been avoided in later years with more 
perfected approach I can’t tell.” 


That this ocular and orbital pain is not present in all cases of 
petrositis is well known. This fact can be easily explained by a con- 
sideration of the route of extension of the infection to the petrous 
apex. If the infection points towards the posterior surface of the 
petrous bone of course there is no relationship with the greater super- 
ficial petrosal nerve, and there will of course be no ocular pain. How- 
ever, in such cases the abducens nerve in Dorello’s canal is menaced. 
Therefore I would say that the presence or absence of referred pain 
in the eyeball or orbit is a very valuable aid in indicating the par- 


ticular surgical approach. 


Dr. F. L. Leperer: A hitherto unknown, or one might say, 
unrecognized, clinical entity has sprung into prominence by the 
recognition of a definite symptom complex due to involvement of 
the petrous apex. The question is whether or not we have established 
a pathologic entity. Considering only the past year’s contributions 
to the otologic literature, the identity of this disease, which has proba- 
bly always existed, but which was never so clearly set forth as today, 
has been firmly established. The contributions in the main are based 
upon anatomic investigations which render more comprehensive the 
pathogenesis and therapy of this disease, apparently known to clini- 
cians for the past 73 years. 


But on the one hand, the literature presents confusing reports 
of conservatism, such as expectant management, x-ray treatment, 
and thorough simple mastoid operations resulting in cures; while 
on the other hand, there is presented for consideration a more radical 
surgical attack. A close study of the clinical material reveals that 
petrositis requires, fundamentally and foremost, a definition simply 
based on anatomico-pathologic concepts. By such universal principles, 
as have been presented by the participants in this symposium, types 
of cases and their particular response to therapy undoubtedly may be 
better evaluated. 

The misunderstanding that prevails among the many contribu- 
tors to this subject arises from the misinterpretation of findings that 
unquestionably belong to two entirely unrelated pathologic entities. 
Suddenly enormous numbers of cases purported to be petrositis spring 
into being. This very fact would indicate that the term needs clari- 
fication. Have we at least a term which would define more clearly 
the pathologic conditions in those cases that respond to conservatism, 
which seem to clear up the vast majority of the cases of “‘petrositis,” 
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so-called? A conservative attitude is always admirable to hold in 
check those tendencies that lead toward radicalism, provided, of 
course, that it is well formulated, but equally discouraging is the 
attitude which renders, in the course of the disease, even radical 
measures futile. 

As I have said so many times in the past with reference to 
other problems, we should not make the mistake of formulating hard 
and fast rules to guide a problem which requires individualism. Only 
harm has resulted from adherence to dogmaticism. Waves of enthu- 
siasm about clinical entities which are brought before us have resulted 
in a morbidity and mortality that in retrospect might have been 
avoided had we studied indications more individually. While there 
is bound to be an abuse of principles, the misuse of them, at least, 
may be circumvented by emphasizing individualization rather than 
generalization. There is no stereotyped manner of judging clinically 
such involvements and therefore the attack likewise need not be so 
estimated. Furthermore, there is an inherent danger in dividing the 
pathologic concept of what appears to be purely a clinical entity. 


From clinical experience I have felt that a pneumatic apex— 
subject to the same possibilities of hyperemia, coalescent infection, 
empyema and osteitis that may involve the cellular areas of the mas- 
toid and influenced by the existing organism and type of mastoiditis 
—had to be present to result in the clinical course of the disease which 
has been so ably described by Kopetzky and Almour. My experience 
bears out the contention that petrositis, as it is defined by Kopetzky, 
is not synonymous with the classical Gradenigo syndrome. There is 
no doubt that a confusion between these two has led to the association 
of conservatism in the conduct of a case complicated by an abducens 
paralysis, with conservatism in the management of suppuration of 
petrosal pneumatic cells in which an abducens involvement is of rare 
occurrence. 

It seems that a beginning in the process of clarifying these con- 
ditions might be made by using terms which should be not only 
descriptive anatomically and_ pathologically but which also be 
adaptable for clinical application. I would suggest that the term 
pneumatic petrositis” be limited to the type that is characterized 
clinically by deep orbital pain and continued otorrhea. These symp- 
toms, when occurring in the course of a pneumatic petrositis, namely, 
in the stage of hyperemia of the mucosa of the petrosal pneumatic 
cells, has been termed by Sunde as petrosism, and when occurring 
later in the osteitic stage has been termed latent apicitis by Sjoberg, 
or “true petrositis’ by Kopetzky and Almour. The latter type is 
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approachable by way of the middle ear. As a matter of fact, it is only 
because there exists in this type of petrositis a cellular development 
that a separation results, large enough to permit exploration between 
the cochlea, the tubal orifice, the carotid canal and the tegmen 
petrosi. The hyperemic stages termed abortive apicitis by Sjoberg 
are amenable to conservatism just as are the hyperemic stages of 
classic mastoiditis. While the difference may be one of degree, it is 
nevertheless practical to assume that the subacute and chronic types 
present the less formidable problem. Further, the most successful of 
the surgical cases described under this entity have been those in which 
sufficient time has elapsed to render possible extensive pathologic 
changes, such as granulation and fistula formation, in the region of 
the tympanum. This is fortunately the situation which has existed 
in the greatest number of cases reported. 

The other type, which apparently has led to confusion and con- 
troversy, I would term “diploic petrositis” because it is unapproach- 
able by any other means than by taking down the buttresses as pro- 
vided for by the Eagleton technic. It is quite obvious that in this 
type of acellular development the aforementioned surgical entrance 
of the tip is not available. 

The symptoms depend upon the location of the involvement, 
the degree and extent of same, whether it be by vascular channels 
or by continuity of structure. The clinical picture of orbital pain, 
low grade temperature, drowsiness, possible vomiting and nystagmus, 
excluding the presence of an abducens paralysis and perhaps a swell- 
ing of the lower eyelid, seems to be generally accepted. X-ray studies 
have been made of the petrous apex for many years and, despite the 
carefully described technic, it is not to be overlooked that a special 
roentgenologic technic is essential to bring out the requisite details. 
It has been shown in addition that radiographic evidence alone is 
not sufficient as an indication for surgical intervention, as it has its 
limitations and certainly should only be accepted as corroborative. 
There may be a warning sounded, as has been done by some, to the 
effect that the rationale of surgical intervention centers in an explora- 
tory procedure without any preconceived method of approach, and 
in abandoning the tendency toward a mathematical rule in disregard 
of anatomic and structural anomalies which may exist. 

Dr. FLETCHER D. Woopwarp: I wish to briefly outline a few 
of our experiences in the study and treatment of petrositis and other 
conditions which simulate it. 

1. Pain, when distributed over the first division of the fifth 
nerve, has been the most suggestive early symptom, and is quite 
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typical in character. The routine survey of the nose, sinuses, naso- 
pharynx, pharynx and teeth in these cases often discloses pathologic 
conditions, but as a rule the associated pain is atypical in. character, 
and does not lead to confusion. 


2. Otorrhea, when persistent, recurrent or of sudden increase 
in amount, has been the next most suggestive finding. 


3. Abducens paralysis has been found in so many other patho- 
logic conditions that its presence has not been of great significance. 


4. Roentgenography has been disappointing in many instances, 
in that the films were negative in some proven cases of petrositis and 
positive in others which did not have petrositis. However, I feel that 
this is largely a question of experience and technic and should be soon 
settled. In order to bring this about we have made it a routine to 
radiograph the petrous tips in all cases referred for mastoid examina- 
tion. 

The value of this radiograph may be of great importance, if at 
any time during the progress of the disease symptoms of petrositis 
arise, for then we can draw definite conclusions by comparing the 
first radiograph with subsequent ones. 

§. Primary Suspected Petrositis.—Suspected petrositis has been 
added to the list of indications for mastoid operations, and this is 
especially true when marked pneumatization is present. When evi- 
dence of irritation of the dura is found at operation either by necrosis 
of plate or epidural abscess, we are content, for experience has 
shown that dural irritation can produce the typical pain of petro- 
sitis, or, if pus is liberated from cells deep within the mastoid and 
adjacent to the outer portion of the petrous pyramid, we are again 
content to wait, and watch the progress of our patient. 


6. Secondary Suspected Petrositis—We feel that those cases 
which have had a previous operation and then present symptoms of 
petrositis are more apt to have a true involvement. However, in 
several instances the finding of sequestra, unopened cells, or dural 
irritation, has been sufficient to clear up all symptoms. 


7. True Petrositis—When none of the above briefly enumerated 
conditions are found, we are face to face with a most serious problem, 
one that needs the combined effort of all of us, so that we can event- 
ually place it on the same high plane that mastoid surgery occupies 
today. 


We know from experience that a certain percentage of these 
cases will drain spontaneously through the middle ear or mastoid and 
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eventually heal. But since we have no assurance of this happy out- 
come, it is our duty to devise adequate surgical‘ drainage. Unfor- 
tunately there is no well charted course to follow. .In our experience 
the following outline has been evolved: 


1. Careful and extensive search for fistula, either from the mas- 
toid or from the tympanum in radical operations, offers the easiest 
and most logical solution, and when found, we are content to watch 
the progress of the patient to see if adequate drainage has been estab- 


lished. 


There are unfortunately certain cases in which careful search 
of the mastoid does not reveal a fistula, and the condition of the 
middle ear does not warrant a radical operation. This constitutes 
one of the major problems to be solved, and in which we have yet no 


suggestions to offer. 


2. When we are unable to discover a fistula either from the 
mastoid in simple operations, or from the tympanum in radical 
operations, or when we are faced with the problem of doing a radical 
when conditions in the middle ear do not justify it, each surgeon 
must decide which type of surgical approach he will follow, the 
tympanic approach of Kopetzky-Almour or one of the extradural 
approaches advocated by Eagleton, Myerson and others. 


Our experiences in the surgical drainage of these cases have not 
been happy, although Dr. Kopetzky was kind enough to do this 
operation for us on our first case, with an excellent result. I have not 
had the courage to try it, because of the variability of the angle of 
approach. In the dried specimens on which we attempted it, the 
cochlea or the internal carotid canal was too frequently opened. 
However, I freely admit that the fault may lie in our poor technic, 
for when it can be done successfully it certainly offers adequate and 
safe drainage. 


My inclinations have been toward the extradural approach of 
Myerson, or by the old Gasserian ganglion route. In either case, a 
careful technic must be worked out on the cadaver, with due consid- 
eration for the middle meningeal artery, petrosal sinuses and other 
important structures in this most inaccessible location. 


Finally, in those cases in which rupture has taken place and 
meningitis is either present or imminent, I again feel that an extra- 
dural approach offers a better prognosis, and we should bend our 
energies to the development of a proper technic for surgical drainage 
in this manner. 
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CXX. 
GASTROSCOPY WITH THE FLEXIBLE GASTROSCOPE.* 
CHEVALIER L. Jackson, M. D., 
PHILADELPHIA. 


Gastroscopy is attracting widespread interest at the present time, 
largely because of the development of the Schindler flexible gastro- 
scope. This instrument was devised by Rudolf Schindler,’ with the 
help of Georg Wolf, in 1932. It has two great advantages over its 
predecessors: first, it can be passed almost as easily as an Ewald tube, 
and second, it affords a good visualization of the antrum and pylorus 
in the great majority of cases. Benedict” reported his experiences with 
this gastroscope at the Massachusetts General Hospital in March, 
1934, and in a second article,’ which appeared quite recently, he 
called particular attention to its value in diagnosing and differentiat- 
ing the various forms of gastritis. Arafa' of Cairo, Egypt, has also 


reported some interesting observations. 


In a paper before the Section of Gastroenterology of the Ameri- 
can Medical Association, in June, 1934, and since published in the 
Journal, Chevalier Jackson, Sr., and the writer” mentioned their first 
experiences with the Schindler instrument, contrasting its indications 
and contraindications with those of the rigid open tube. We have 
now been using the flexible instrument for about a year and a half, 
during which time we have done more than 100 flexible-tube gas- 
troscopies on over seventy patients. Dr. William A. Swalm, chief 
of the Gastrointestinal Clinic at the Temple University Hospital, 
has co-operated with us in this work, and I am preparing, in collabo- 
ration with him, a report on the series of cases studied, which will 
show a correlation of gastroscopic with clinical and laboratory data. 


THE INSTRUMENT. 


The Wolf-Schindler flexible gastroscope (Fig. 1) consists of a 
proximal rigid portion and a distal flexible and somewhat elastic por- 


*Read before the eighteenth annual meeting of the American Bronchoscopic 


Society, Toronto, June 1, 1935. 
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Fig. 1. The Schindler flexible gastroscope. 


tion. The essential feature of the instrument is a series of lenses which 
are placed in the flexible portion in such a way as to permit seeing 
“around the corner” when the instrument is bent. Several different 
models have been brought out, some with straight tips, some with 
bent tips. The instrument that the writer has been using for the 
past year and a half is one of the bent-tip models, which contains 
twenty-two lenses and a retrograde optic having a visual angle of 
60 . The Schindler gastroscope uses a 6 to 8 volt lamp, which the 
writer has found most satisfactorily illuminated by means of a dry 
battery containing six ordinary cells connected in series, with a volt- 
meter built into the box showing just what voltage is being used 
(Fig. 2). 


TECHNIC. 


The preparation of a patient for gastroscopy consists simply in 
having him take nothing by mouth after the evening meal, and 
evacuating whatever secretions or retained food there may be in the 
stomach immediately before the examination, by the simple passage 
of an Ewald tube. To facilitate complete evacuation the patient 
should be recumbent on a carriage, the foot of which may be ele- 
vated and supported on a box. Schindler uses a special table which 
permits the patient to assume a modified Sims position for evacua- 
tion of the stomach. In any event, it is much better to use simple 
evacuation rather than lavage in preparation for gastroscopy. 


A preliminary hypodermic of morphin and atropin is given 
about a half hour before evacuation of the stomach, and the writer 
has found simply spraying the pharynx once or twice with 10 per 
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Fig. 2. Battery box with built-in voltmeter specially designed for use in 
connection with the flexible gastroscope. The box contains six ordinary dry 
cells connected in series. By means of rheostat and voltmeter a constant 


current of eight volts is assured. 


cent cocain a satisfactory method of obtaining sufficient local anes- 
thesia. The spray is used before and after the passage of the stomach 
tube. 


The position of the patient for diagnostic gastroscopy (Fig. 3) 
is very important. Certainly, regardless of what position is used for 
introduction, the best position for examination of the antrum and 
pylorus is the left lateral decubitus. The patient’s left elbow should 
be just back of his body, so that he lies on his left forearm, and the 
right arm should be allowed to hang over the edge of the table. The 
head is supported in the head-holding assistant’s left hand. As in all 
other endoscopic procedures, complete relaxation is very desirable. 

When the patient has been placed in the correct position, the 
tip of the gastroscope is grasped in the right hand and introduced 
into the patient’s mouth, using the left index finger to make pressure 
against the posterior pharyngeal wall and thus prevent the instru- 
ment from entering the lower (left) pyriform sinus. The proximal 
end of the instrument is supported by the nurse during this first 
stage of introduction. As soon as the tip of the instrument has 
entered the cervical esophagus the endoscopist quickly advances it 
down the esophagus and into the stomach. Occasionally slight delay 
is encountered at the diaphragm. In this event, great care must of 
course be observed, and only the very gentlest pressure used. 


Orientation in the stomach is the chief difficulty, but with prac- 
tice it can be quickly learned. The simplest method is to advance 
the gastroscope at once as deeply as it will go, and look for the most 
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Fig. 3. Position for gastroscopy with the flexible gastroscope. 


conspicuous landmark, the plica angularis, which is seen with the 
white dot on the rim of the ocular at 1.0 or 11 o’clock. Just beyond 
this fold one sees the wall of the greater curvature of the antrum, 
along with peristaltic waves will be seen passing successively toward 
the pylorus. In most cases the pylorus itself will appear, opening and 
closing rhythmically. When it is closed or almost closed it has a 
stellate form (see plate I—1). The other parts of the stomach are 
examined as the scope is withdrawn and rotated in such a way as to 
show the posterior wall, the anterior wall and the greater and lesser 
curvatures in turn. Throughout the examination just enough air 
is insufflated to secure the desired degree of inflation. Some patients 
retain the air very well, but others expel it by belching almost as fast 
as it is introduced. 


As a variation in the technic of introduction, the writer has 
found it slightly easier in some patients to introduce the gastroscope 
with the patient in dorsal recumbency and the head held in the same 
position as for the introduction of the esophagoscope by the Jackson 
“high-low” technic. This position has proved especially useful 
in sthenic or apprehensive individuals. One advantage of this 
technic is that the endoscopist can hold the instrument himself from 
the beginning and keep it perfectly aligned. It must be admitted 
that there is some objection to using a position for introduction 
which must be modified after the tube is in place, but as a matter 
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Plate I. Endoscopic views of stomach with the flexible gastroscope. 


|. Plica angularis and closed pylorus. 
2. Gastrostomic tube as seen in the flexible gastroscope. Note that tube has been 
placed to the pyloric side of the plica angularis. (After the tube was removed, a special 
plastic procedure was required because pyloric obstruction developed.) 

3. Stoma in a patient with a gastroenterostomy. No ulceration but intense gastritis, 
probably due to regurgitation because of too great patency of the stoma. 

Carcinoma invading stomach from outside (Confirmed at operation.) 

5. Superficial gastritis. Note intense congestion and superficial erosion with 
hemorrhage. 

6. Carcinoma involving the anterior wall of the body of the stomach. Partial 
gastrectomy was done in this case by Dr. W. Wayne Babcock and the operative findings 
fully confirmed the gastroscopic findings. 
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of fact the change of position is not difficult if the patient has been 
instructed in advance. 


INDICATIONS AND CONTRAINDICATIONS. 


The present renaissance of gastroscopy fulfills the prophecy of 
Chevalier Jackson,” who said in a paper read before the New York 
Academy of Medicine in 1907, ““Gastroscopy is not simply a feat. 
It has a field of usefulness which will increase as our skill and knowl- 


2 ” 
edge increase. 


The development of the Schindler instrument has greatly 
widened the indications for gastroscopy. There is now no reason 
why the endoscopic examination of the stomach should not become 
as usual a part of the routine gastroenterologic study of a patient 
as proctoscopy already is. Not only for the inspection of ulcers 
or tumors (plate I—4 and 6) already known to exist because vis- 
ualized by roentgen ray examination, but even more for the study 
of mucosal changes in the various forms of gastritis (plate I—S) 
and their better correlation with the other findings, gastroscopy 
promises to be of the greatest service. Postoperative stomachs 
(plate I—3) may often be studied to better advantage by gastroscopy 
than by x-ray. Almost any complaint referable to the gastrointes- 
tinal tract constitutes an indication for-gastroscopy, provided careful 
preliminary study has not shown any contraindication to exist. 


Contraindications to the use of the flexible gastroscope consist 
of: stenotic or ulcerative lesions of the esophagus, aortic aneurysm, 
esophageal varices, or any lesion of the cardiac portion of the stomach 
involving the lower end of the esophagus. These lesions, with the 
exception of aortic aneurysm, would not contraindicate careful ex- 
amination with the open-tube esophagoscope or gastroscope; in fact, 
they would constitute indications rather than contraindications. 


I have seen many patients with disease of the lower end of the 
esophagus simulating disease of the stomach, and I have been im- 
pressed with the importance of careful fluoroscopic and roentgen ray 
examination of this area, followed, in many cases, by careful open- 
tube examination, even though the patient’s complaint may have 
at first seemed purely gastric. A surprisingly large number of pa- 
tients, first thought to be suffering from purely gastric disorders, 
have been found to have ulceration of the lower esophagus associated 
with “short esophagus” or hiatal hernia; others have had carcinoma 
at the esophago-gastric junction. In one case, carcinoma of the 
stomach was diagnosed by retrograde open-tube gastroscope with 
biopsy in a patient who had also a stomach partially above the 
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diaphragm. Among the indications for the use of the open tube are: 
the taking of specimens for biopsy, the local treatment of benign 
lesions, and the removal of foreign bodies from the stomach. 


Granting that it has its contraindications, and that for certain 
purposes the open tube is better, there is no question that the devel- 
opment of the Schindler gastroscope marks a new era in the endo- 
scopic study of the stomach, and the day is not far distant when 
every good gastro-enterologist will make gastroscopy a part of the 
routine study of his patient. For us, as specialists in peroral endo- 
scopy, the flexible gastroscope, while a valuable addition, will not 
entirely supplant the rigid open tube. 

3432 N. Broap STREET. 
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CXXI. 


A PRELIMINARY SURVEY OF THE EFFECT WHICH LYE 
LEGISLATION HAS HAD ON THE INCIDENCE 
OF ESOPHAGEAL STRICTURE.* 


H. MarsHatt Taytor, M. D., 
JACKSONVILLE, FLa, 


Every member of the Bronchoscopic Society is doubtless familiar 
with the fact that the Federal law providing for the proper labeling 
of packages of household lye and other caustics was passed by Con- 
gress and signed by the President of the United States in 1927. It is 
doubtful whether this law would ever have been enacted but for the 
ceaseless and untiring effort of Dr. Chevalier Jackson. Dr. Jackson 
not only sensed the importance of this legislation but through sheer 
force had it passed in his State of Pennsylvania and then was respon- 
sible for it becoming a Federal law. Dr. Chamberlain has well said 
that Dr. Jackson’s attitude in this cause has been another evidence 
of che altruistic spirit which distinguishes and glorifies medicine. 


At the midwinter meeting of the Council of this Society, Dr. 
Forbes, our President, requested that a report be made at this session 
relative to this medicolegal matter. 


A preliminary survey indicates that the lye legislation enacted 
as the result of the work of the Committee on Lye Legislation of the 
Section on Laryngology, Otology and Rhinology of the American 
Medical Association is beginning to bear good fruit. Complete and 
fully representative statistics cannot be presented at the present time, 
but the data so far obtained are valuable as an index of what can be 
done. 


In Pennsylvania, which was the first State to enact this law, 
there has been observed a decrease of more than 50 per cent in the 
number of lye burns since this legislation went into effect. Statistics 
accumulated by Dr. Jackson showed 102 cases of lye burns in one 
year preceding this law, while in 1934 there were 53 cases. In Florida, 
which was the second State to enact this law, in the year preceding 
this enactment fourteen cases of lye burns were reported, while in 

*Read before the eighteenth annual meeting of the American Bronchoscopic 


Society, Toronto, June 1, 1935. 
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1934 there were but six cases. Dr. Carmody, in a communication to 
the writer, advises that there has been a reduction of more than 75 
per cent in the number of cases of lye burns in the State of Colorado 
since this preventive legislation went into effect. If these three states, 
each representing different sections of the country, can be used as an 
index, this committee, headed by its distinguished chairman, Dr. 
Jackson, should feel that its efforts have been more than repaid. 


In evaluating the effect of this legislation there is another impor- 
tant consideration, namely, that the use of lye has enormously in- 
creased during the interval. A great many new caustic preparations 
have been added in the form of drain pipe cleaners, paint removers, 
etc. Very extensive advertising has also increased the use of these 
caustic preparations. For this reason it would seem that we are jus- 
tified in assuming that there is at least twice as much lye used now 
as compared to eighteen years ago. 


I feel sure that I voice the sentiments of Dr. Jackson when I 
say that the members of this Society will be recreant to their duty 
if they allow their interest in this subject to wane. It is most impor- 
tant that the different phases of it should be borne in mind from both 


the humane and economic standpoints. 
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CXXII. 


BRONCHOSCOPY IN A PULMONARY DERMAL 
INCLUSION CYST.* 


JosEPH C. Beck, M. D., 
CHICAGO. 


The opportunity for making bronchoscopic observations in a 
case of a pulmonary dermal inclusion cyst is so infrequent that the 
incident of such a case was thought to be of sufficient interest to be 


reported. 


In all probability inclusion cysts of the pleural cavity of the 
chest wall or the lungs will become increasingly more rare. Their 
greater incidence several decades ago was due, in a large measure, to 
the open method of treating chronic empyema and chronic pulmo- 
nary suppuration by means of various plastic procedures for oblit- 
erating the suppurative cavities. It not infrequently occurred during 
the plastic inlay that dermal tissue was permitted to become buried, 
thu. establishing a nidus from which a small cavity filled with epi- 
thelium could grow, forming a pocket not unlike that of a choles- 
teatomatous sac. 

The change in technic of surgery in chest conditions, especially 
the replacement of the open treatment of pulmonary and pleural 
suppuration by the closed treatment that is in vogue today, will, of 
course, engender a distinct lessening in the incidence of the use of 
plastic flaps in this area and subsequently a marked decrease in the 
appearance of these dermal inclusion cysts. 

The following case history will present the salient features of 


a case that is illustrative of most of those seen. 
REPORT OF A CASE. 


Case 1. Mr. P. S., age 27, had been seriously ill from a severe case of pneu- 
monia complicated by a pleurisy with effusion. This was treated by open operation, 
and the insertion of a drainage tube in the pleural cavity. For some reason a 
chronic suppuration ensued, and he wore the drainage tube for a period of three 
years. At this time the patient was afflicted with another attack of pneumonia 
from which he successfully recovered. However, he continued to expectorate a 


*Read before the eighteenth annual meeting of the American Bronchoscopic 


Society, Toronto, June 1, 1935. 





1160 JOSEPH C.. BECK. 


great deal of putrid sputum following his apparent recovery. This persisted for 
some period of time and he finally presented himself to Dr. Emil G. Beck for 


treatment in 1917. 


The external chest findings were of no interest to a bronchoscopist. How- 
ever, the sputum examination disclosed, besides pus cells and a large number of 
various micro-organisms, a good number of elastic tissue fibers. Radiologic examina- 
tion also disclosed evidences of a pulmonary abscess. He was then operated upon for 


this pulmonary abscess. 


Under general anesthesia a wide thoracotomy was made, including the excision 
of a number of ribs and also the resection of a large portion of the middle lobe 
on the right side. The patient had a rather uneventful recovery from this procedure 


and the wound was subsequently permitted to heal by granulation formation. 


Some four months later the usual plastic sliding skin flap operation was per- 
formed to obliterate or cover the chest defect. All flaps healed perfectly, except 
a small fistula which communicated with the bronchus, thus establishing a bron- 
chial fistula. Dr. Beck then proceeded to cauterize the fistula until it finally 
closed. Some three or four months after the successful closure of the fistula the 
patient returned complaining of a spasmodic cough, which came on at certain 
periodic intervals. The sputum that was expectorated was peculiar in that it 
consisted mainly of masses of foul smelling material rather than the old purulent 
secretion that he complained of prior to the operation. The expectoration and 
cough persisted for a day or two and then the patient would remain free of both 
cough and expectoration for a period of several weeks, only to return with the 


same complaint. At this time he was referred for bronchoscopy. 


X-ray and fluoroscopic examination showed the presence of a possible abscess 
in the middle lobe adjacent to the chest wall and it was thought that in all prob- 
ability he had a recurrence of his pulmonary suppuration. Bronchoscopy disclosed 
that the trachea was somewhat injected. The right main bronchus was filled with 
a great deal of secretion that consisted mainly of an accumulation of thick whitish 
material and detritus. Upon suction and cleaning of the right main bronchus it 
was seen that the debris was coming from the middle lobe. Investigation of this 
bronchus showed that it terminated in a cavity about four centimeters in diameter 
This cavity was filled with a white grumose material similar to cholesteatoma. 
Upon suction, the cavity was finally cleared of its contents and was seen to be 


lined with white soggy material not unlike epithelium. 


The material removed by suction was then subjected to microscopic examina- 
tion and was definitely established to be of dermal origin. It was obvious then 
that we were dealing with a dermal_lined cyst. The diagnosis of a dermal inclusion 
cyst was thus definitely established. 

Undoubtedly in the shifting of one of the skin flaps and effecting the closure 
of the chest wall some dermal tissue had been turned in and permitted to grow in 
place or else the ingrowth of the skin epithelium that finally joined the mucous 
membrane of the bronchus in forming the bronchial fistula had been shut off by 
the use of the cauterization of the external portion of the fistula. The buried 
epithelium then had grown with the subsequent formation of the epithelial cyst. 
The question of therapy remained to be solved. It was decided to resect the dermal 
cyst with the galvano cautery by the aid of the bronchoscope. 


Under local anesthesia the bronchoscope was reintroduced into the cyst. Using 


the transmitted light of the bronchoscope through the chest as a guide, Dr. Emil 
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G. Beck incised the external chest wall with a pointed galvano cautery until he 
opened into the cavity. The bronchoscope was then withdrawn. Examination of 
the exposed cyst showed it to be lined with definite epithelium and was more or 
less spherical in appearance. The skin lining was then destroyed by means of a 
large flat galvano cautery electrode and the cavity subsequently packed with iodo- 
form gauze. The cavity was permitted to heal by the formation of granulation 
tissue until it had been entirely obliterated and then the skin was permitted to 
close over it. The patient made an uneventful recovery. He returned for periodic 
observation and was repeatedly bronchoscoped. He was last seen in 1925 by my 
associate, Dr. M. Reese Guttman, who bronchoscuoped him. At that time it was 
found that the bronchus ended in a blunt sac with no evidence of dermal 
proliferation.* 


185 N. WaBasH AVE. 


*Photographs of patient and schema of formation of cyst were illustrated by 


two lantern slides. 








CXXIII. 
ESOPHAGEAL ACCIDENTS.* 


THomas E. Carmopy, M. D., 
DENVER. 


When we think of our modern methods of diagnosis and exami- 
nation of the tubes and cavities of the body we have more respect 
and sympathy for the practitioners of medicine of the last century 


and before. 


The discovery of the roentgen ray in 1895 and the use of the 
direct laryngoscope and esophagoscope by Killian, Ingals and Cool- 
idge in the early part of this century and the great development by 
our own Jackson and Mosher since that time have placed us in a much 
different position. 


Those of us who first saw the light of day and spent our child- 
hood on a farm may remember the use of the handle of some barn- 
yard tool to assist the swallowing of a potato by a cow. This is the 
same as the forcing down of smooth foreign bodies with a stiff tube 
like the ordinary stomach tube. If the body is smooth and not ex- 
cessively large no harm will be likely to result, but this was not 
always known. The former method of passing the esophagoscope 
with obturator might be as dangerous, and we have most of us been 
guilty, even though very few cases have been reported. It might 
be well to report these cases in the plural, which would be a way 
of dividing the responsibilty as we do in other cases, but I am very 
much afraid that I must take the blame in the great majority of my 
cases. 

While the case reports are not numerous, the following causes 
may be noted: 

1. Perforation by a foreign body without instrumentation, 
which is usually due to muscular action or to attempts on the part 
of the patient to force the foreign body downward with food, water 
or other means or due to delay, allowing ulceration due to dull bodies 
or perforation in some way by sharp bodies. 

2. Perforation by infection of the esophagus due to ulceration 
followed probably by straining in cases of typhoid fever, whooping 


*Presented before the eighteenth annual meeting of the American Broncho- 
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cough, or other wasting diseases, in which case we usually find air in 
the tissues. 


3. Perforation due to attempts at removal of foreign bodies 
blindly by the use of either dull or sharp instruments, stomach tubes, 
hooks, probangs, etc., for which there is no excuse at present. 


4. Injury or perforation by use of the esophagoscope, as for- 
merly used with obturator, or even under the eye, as in cases of 
carcinoma or those cases where previous instrumentation has dam- 
aged the wali, aneurism of the aorta, syphilitic or tuberculous ulcera- 
tion, or foreign body imbedded in the wall or completely through 
the same; in the latter case by stretching the wall and enlarging the 
opening already present. I reported a case last year before this society 
which may have been of this type. 


§. Instrumentation through esophagoscope without the use of 
the fluoroscope. This may involve injury to the walls by direct per- 
foration, by separation of muscle fibers or scar tissue, by injury to a 
vessel producing an embolus or by sudden spasm of the esophagus 
in a nervous patient, producing one of the injuries above noted. 


Most of these accidents can be prevented by proper care, careful 
hiscory taking and good x-ray pictures and very careful instrumen- 
tation. 


REPORT OF CASES. 


Case 1. Mr. Z. consulted me in May, 1917, with difhculty in swallowing and 
loss of weight. He was examined with esophagoscope under ether and a stricture 
was found at the crossing of the aorta, which had already been shown by x-ray. 
Considerable redness and swelling of the esophagus and slight edema were present, 
but, while malignancy was suspected, we felt that a bougie could be passed. This 
was done but without the esophagoscope as we did not have the small flexible 
bougies. 

Immediately after passing the bougie the patient’s breathing became labored 
and he died about ten hours later. 

There was very little bleeding, but probably blood filled the mediastinum. 


No autopsy was performed. 


Cast 2. A. M., girl of 10 years, was seen in consultation with Dr. Richards, 
She gave a history of ten days’ illness with fever, diarrhea and some cough. Typhoid 
fever was suspected, but within the last few hours swelling of the neck, difficulty 
in swallowing and breathing had complicated the other symptoms. On examination 
nothing could be found in the pharynx or larynx but the neck was very much 
swollen and on palpation of right side of neck and chest marked crepitation was 


elicited. She was not esophagoscoped and died within twenty-four hours. 
Case 3. S. A., child, a boy of two and a half years, came to Children’s Hos 
pital in December, 1923, with a history of injestion of lye solution three weeks 


before admission. 
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The patient was unable to swallow solid or semisolid food, and fluids with 
difficulty. 

On December 19, he was esophagoscoped with Mosher esophagoscope and a 
small Lynah bougie was passed, apparently into the esophageal lumen. This bougie 


is metallic and not flexible. 


Difficult breathing did not appear at once but was noticed as the child was 
recovering from the anaesthetic. On examination of the chest, the right side showed 
the presence of air and, later in the day, fluid. The pleural cavity was needled and 
fluid withdrawn several times in the next four or five days, but no air was reintro- 
duced and the patient died on the sixth day. 


Autopsy was not permitted. 


Case 4. I saw Mr. S., age 22 years, at St. Luke’s Hospital on June 21, 1925. 


Patient gave a history of swallowing a wooden tooth pick about six hours 
previous and of pain in chest since that time. Barium liquid and capsules gave 
very little information. Esophagoscopy was performed, but no foreign body was 
found although a small spot on the left side of the esophagus about the bronchial 


constriction, which showed some blood, was noted. 


He continued to complain of pain in chest and twenty-four hours later, hav- 
ing 102 degrees temperature, we opened the mediastinum and drained with rubber 
tube drains. This was done by a general surgeon, but the patient died forty-eight 


hours later. 


No autopsy was allowed. 


Case 5. S. D., a girl, three years of age, was referred to Children’s Hospital 
with the following history: 

While confined in another hospital for an attack of pneumonia, the child was 
given a teaspoonful of solution of sodium hydroxide by mistake instead of cough 
mixture. How this solution came to be in a medicine cabinet could not be ex- 


plained, although a thorough investigation was made. 


After acute symptoms subsided, the paticnt came to us and an attempt was 


made to dilate with Jackson flexible bougies. 


On first attempt dilation took place easily and patient was able to swallow 
much easier. Two weeks later the operation was repeated, but the patient had 
difficulty in breathing as soon as the bougie reached the stomach. She was returned 
to bed and stimulated and fluids given only by rectum and the symptoms disap- 
peared in three or four days. Fifteen days later the procedure was repeated and 
the lumen of the esophagus seemed patulous and the bougie passed without difficulty. 
However, respiration became labored and the child collapsed, and lived only forty- 


six hours. 


Autopsy showed that the bougie passed into the stomach, although there was 
slight hemorrhage under the mucosa at the cardia. However, a perforation of 
the esophagus beginning opposite the cricoid cartilage and continuing to the 
diaphragm but separated from the pleura by connective tissue was filled with par- 


tially healed tissue apparently several days old. 


Apparently the passing of the bougie fifteen days previous had gone outside 


the esophagus, but had healed and death was apparently due to embolus or shock 


of later bouginage. 




















ESOPHAGEAL ACCIDENTS. 1165 


Case 6. Mr. A., age 30, came to my ofhce on September 10, 1930, but was 
in such a condition after traveling 300 miles that he was sent at once to hospital 
and was seen by me immediately, because of difficult breathing. A tracheotomy 
was performed without anaesthetic, but the patient died on the table. A great 
amount of blood was found in the tissues surrounding the esophagus and trachea, 
but there was no difficulty in getting into the trachea. 

A history was obtained from his wife. The evening before, while eating duck, 
he choked, and after this could swallow only liquid. 

He consulted a doctor who used a probang to try and dislodge the foreign body 
and the patient complained of much more pain and was unable to swallow even 
liquids. This was about eighteen hours before he came to us. 

Autopsy showed the mediastinum filled with blood and there was a duck rib 
with curve downward, both ends protruding through the esophagus at the level 
of the tracheal bifurcation. 


Why this patient had lived nearly twenty hours is inexplainable. 


Cast 7. H. A., male, age 50, consulted me regarding a tooth plate in the 
esophagus, which had been present forty hours. Three attempts, one with the 
esophagoscope, had been made at removal. As he was unable to swallow liquids, 
he was examined with the esophagoscope, but removal was not attempted. After 
sixty hours of rectal feeding and giving of large amounts of fluid, an external 
esophagostomy was performed, but patient ceased breathing as the esophagus was 
exposed, but before opening. 

No autopsy was performed, but it was believed that death was due to embolus. 

CasE 8. A boy, age 10, had a jackstone.in the esophagus and was believed to 
be in such condition that he could not make the trip from Montana to Denver. 

After a phone consultation, external esophagostomy was advised and performed 
with removal and complete recovery. 

Ten months later he swallowed a radish, which lodged at the same spot as 
the former foreign body. The patient started on his bicycle for his home, which 
was some little altitude above where he was at the time of lodgment of foreign 
body and required some extra effort. On reaching home he collapsed and died, and 
it was found at autopsy that the esophagus had ruptured through the scar of the 


previous operation. 

These accidents, like auto accidents, were mostly due to haste 
or bad judgment, or both. 

Some of these patients could be saved today by the use of mer- 
cury tube dilators or Tucker retrograde bougies. 

Many near fatalities could be recited in cases where nature was 
kind. 

There is one other case not included here in which the patient 
refused esophagostomy and I foolishly passed a bougie, and imme- 
diately he complained of pain in the region of the diaphragm. He 
was taken home and continued to suffer for several hours, when a 
general surgeon was called and he was opened up at Mercy Hospital, 
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in my presence. No perforation was found; nothing was found to 
account for the pain. It simply, apparently, was a spasm of the 
esophagus. The patient died, either through my efforts or those of 
the general surgeon. We both took the blame. 


That ends the cases of fatality, though we have had many more 


of other kinds 


METROPOLITAN BUILDING. 
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Clinical Notes and New Instruments. 


CXXIV. 


TREATMENT OF A SERIES OF CASES OF SO-CALLED CAR- 
CINOID TUMORS OF THE BRONCHI BY DIATHERMY: 
A REPORT OF TEN CASES.* 


JOHN DeEveREUX KERNAN, M. D., 
New York. 


The so-called carcinoid tumors of the lung, a series of which I 
am reporting, have only recently been differentiated from true carci- 
nomas. In the Archives of Surgery, January, 1929, Dr. Arthur J. 
Cracovaner of New York City and the present author reported 
one of these cases as a carcinoma of the lung cured by diathermy. 
As more of these tumors have been encountered, it has been possible 
to check their history and course more carefully, and at the present 
tirie it is evident that they form a very distinct class by themselves. 
It is very important that they should be properly differentiated from 
true carcinomas, for even now competent pathologists report them 
as carcinomas, and, on the basis of that diagnosis, a pneumonectomy 
is proposed. As I hope to show, much less serious surgery is required 
for their cure. 


As a rule, these tumors are found in the larger bronchi, most 
often in a primary bronchus. They take their origin beneath the sur- 
face of the epithelium, in all probability from some of the cells in 
the walls of the ducts of the glands. They grow freely in the lumen 
of the bronchus and only after a somewhat prolonged existence have 
they any tendency to invade the lung tissue. It may be said with 
certainty that they never metastasize or infiltrate, but, as they in- 
crease in size, they compress the surrounding tissue and cause atrophy. 
Their microscopic appearance is very characteristic. The sections show 
anastomosing columns of cells which in places have a tendency to form 
gland-like structures. It is on the basis of this appearance that some 
pathologists report them as benign adenomata. (Figs. 1 and 2.) The 
figures which are shown here illustrate the appearance very well: the 


*Presented before the meeting of the American Laryngological Society, Tor- 
onto, Ont., May 31, 1935. 
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first one, the anastomosing strands of cells, and the second the gland- 


like formation. 


As I have said, they grow beneath the epithelium of the bronchi. 
In none of the microscopic sections has the surface epithelium been 
found broken through. Fig. 3 illustrates this point. As they continue 
to grow larger, they eventually break through the bronchial wall and 
invade the lung tissue, not by infiltration, as has already been said, 
but by an increase in size which causes a pressure atrophy. Fig. 4 
enables you to form an idea of their continuous life history from a 
small tumor growing into the lumen of the bronchus to a large tumor 
almost completely replacing two lobes of the lung. 


The symptoms are mainly those caused by obstruction to the 
bronchus. This would mean that when small, they are symptomless, 
unless, as it occasionally happens, there is bleeding. In four of the 
ten cases I am reporting this symptom of bleeding was found, and 
other reporters have reported it even more frequently. Once the 
tumor is large enough to obstruct the bronchus, serious symptoms 
may begin. These may be mild: merely cough and more or less 
sputum. As the area below the obstruction becomes infected, a bron- 
chiectasis results. Then occur severe attacks of coughing, dyspnea, 
cyanosis and high fever, which are often considered to be broncho- 
pneumonia or lobar pneumonia, according to the physical signs and 
the x-ray appearance. Often the obstruction may be so severe as to 
cause a complete massive collapse of one lung with all of the signs 
accompanying that condition, namely, fixation of one side of the 
chest, elevation of the diaphragm, pulling over the heart and medias- 


tinum, and severe dyspnea and cyanosis. 


The x-ray appearances are most varied. If only a small bronchus 
is obstructed, a limited shadow of collapse will appear in the x-ray 
films. If one of the main bronchi is obstructed, all lung markings 
on one side of the chest will disappear. 

The bronchoscopic appearances are very characteristic. The 
tumors are rather soft, give a suggestion of being pedunculated, and 
may even move with respiration. The wall of the bronchus is not 
fixed and indurated, as it is in true carcinomas, so that respiratory 
motion can be seen except when the tumor is very large. The tumor 
itself is quite vascular and bleeds easily when touched with the bron- 
choscopic instruments or when a biopsy is taken. 

Once the diagnosis is made, the question of therapeutics urgently 
presents itself. The treatment proposed by various authors has varied 
from none at all to pneumonectomy. 
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Fig. 3. 


As an example of no treatment, I may quote the case of L. K., 
Case 6. Here was a tumor involving both main bronchi, of sufficient 
size to deprive the left lung of its function, and on its way to do the 
same to the right. The prognosis appeared to be exceedingly bad. 
Several pieces of tissue were taken for examination. The diagnosis 
at that time was “probably small-celled carminoma.” This woman 
was rather better two days later on discharge from the hospital, the 
left lung showing more aeration. Nevertheless, it was felt that she 
was being sent home to die. She came back to the hospital eight 
months later, seemingly in good health. An x-ray examination of 
the chest showed clear lungs. No trace of the tumor could be found 
on bronchoscopic examination. The mere taking of a biopsy ap- 
peared to be sufficient to check the growth of this tumor and reverse 
its course. 
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Jackson some years ago reported a case in which a small tumor 
was found in one of the bronchi, probably of a similar nature to 
these which I am reporting. That tumor was removed by forceps and 
there was no recurrence. 


In one of my cases, H. G., Case 2, a short series of x-ray treat- 
ments was sufficient to check the chief symptom, which was hemop- 
tysis. That patient has been followed for eight years and has re- 
mained well, although there is still a shadow in the lung, at the site 
of the tumor. 

Taking of biopsies certainly will not cure every case. The first 
of these tumors encountered by the author, A. B., Case 1, was treated 
by the implantation of radon seeds and the application of diathermy. 
Several large portions of the tumor were removed in the making of 
biopsies. In spite of all of this trauma, it persisted for two years and 
only thorough coagulation finally destroyed it. 


One case of the author, A. J., Case 3, was beyond all help by 
bronchoscopic treatment when first encountered. In spite of im- 
plantation of radon seeds and many attempts at coagulation, the 
tumor persisted and manifested its presence by extremely profuse 
hemoptysis. Finally, in a desperate attempt to save her life, a lobec- 
tomy was done, to which she succumbed. 

It has been necessary in several cases to consider, in addition to 
the treatment of the tumor itself, treatment of the accompanying 
bronchiectasis. As a rule, bronchiectasis is always present once the 
tumor has become large enough seriously to obstruct a large bronchus. 
Usually removal of the tumor will cure the bronchiectasis, or at least 
permit it to become dry. In Case 1, after the tumor had been de- 
stroyed, all pulmonary symptoms were relieved. There are many cav- 
ities in the lung but they are empty and sterile. 


In another one of the author’s cases, Case 4, in spite of the 
fact that the tumor was successfully destroyed, bronchiectasis persist- 
ed and finally the symptoms became so severe that a lobectomy was 
called for. This was successfully performed and the woman is now 
well. It is of interest to note that none of the original growth was 
found in the lobe removed, which would demonstrate a successful 
destruction of the tumor. One cause of failure may be a persist- 
ence of the stricture of the bronchus after removal of the growth. 
In author’s Case 7, a boy of seventeen, the growth was sufficiently 
removed, but the work was only too extensively done, as there 
occurred at the site of the growth a fibrous stricture. Repeated 
infections recurring beyond this stricture and insufficient drainage 
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because of it finally resulted in such severe invalidism that a lobec- 
tomy had to be performed. This was done without success, the pa- 
tient succumbing to the shock of the operation. Here also, as in Case 
4, examination of the specimen showed no trace of the original 
growth. 

With increasing experience and greater perfection of instruments 
it has been possible to secure quicker and better results in the destruc- 
tion of these tumors by diathermy. The original applicator used by 
the author was one improvised from a suction tube through which 
was led a long piece of tonsil snare wire. It was insulated by drawing 
over it a piece of rubber tubing. This could be passed through the 
bronchoscope and the end plunged with more or less accuracy into 
the growth. Once in place, the wire was touched with an electrode 
leading from the diathermy machine, thus completing the circuit. 
You will realize at once that the bulk of this improvised instrument 
prevented any accurate placement of the wire, and, moreover, pre- 
vented observation of the effects of the current on the growth. It 
was necessary to guess when sufficient current had been applied, and 
often its removal and replacement several times during the course 
of one treatment was called for. Inaccurate placement was also a 








CLINICAL NOTES AND NEW INSTRUMENTS. 1173 














Fig. 5. 


danger and I| think, accounted for the stricture which occurred in 
Case 7, already described above. 


The perfected instrument (Fig. 5) allows most accurate place- 
ment of the tip and observation during the whole course of applica- 
tion of the current. The degree of the destruction of the growth may 
be seen and the current stopped once the operator judges the pro- 
cedure has been carried as far as is safe. You will note that the tip 
taxes the form of a thick bead, such as is used for the front sight of 
a rifle. It was found that a thin blade could not be seen sufficiently 
well. Also, the tip should be long enough to reach well into the 
lumen of the bronchus, which permits it to be plunged deeply into 
the growth. The perfection of this instrument has made possible 
much better results, more quickly obtained. For instance, the de- 
struction of the tumor in Case 1, A. B., called for applications during 
two years. Case 4, which was the next one successfully treated, had 
only three treatments. On the other hand, she had a continuing 
bronchiectasis which might have been caused by stricture due to the 
too extensive destruction of the bronchial wall. Case 7, as has been 
noted, had a stricture following treatment. Case 8 had only four 
applications of the diathermy current. Case 9 needed six treatments. 
This tumor, however, was growing from the wall of the left upper 
lobe bronchus, three-quarters of an inch from the main bronchus, 
and was so difficult to visualize that the application of the current 
had to be proceeded with very cautiously. Case 10 had three applica- 
tions of diathermy in the course of three weeks. At the end of that 
time the tumor completely disappeared. Two months later a bron- 
choscopy showed only a little dimpling of the mucous membrane at 
the site of the former growth. This is my most successful case up 
to the present time. It was possible with the instrument I now use 
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to get a perfectly accurate application of the electrode and to observe 
the destruction of the growth as it proceeded. 


As I have already mentioned, the fact that these tumors grow 
outside as well as inside the bronchus, the question may well be asked 
How can one be sure that the outside part is destroyed? It will be 
recalled that when diathermy is applied, the current concentrates 
about the small electrode, heats the tissue in its neighborhood and 
tends to destroy the whole growth, not merely that portion within 
the bronchus. 

REPORT OF CASES. 

Case 1.—A. B., white, female, aged 35, was admitted to Lenox 
Hill Hospital on December 12, 1926. Since December, 1922, she 
had been having attacks of pain in the chest, dyspnea and fever which 
had been variously diagnosed as pleural pneumonia and massive col- 
lapse of the left lung. X-ray finally confirmed this diagnosis. She 
had been bronchoscoped with negative findings. 


At the time of her admission to Lenox Hill Hospital she was 
complaining of marked dyspnea and pain in the left side of her chest. 
She appeared acutely ill with temperature of 103.4 , pulse rate of 
114, and respiration 28. She was cyanotic and very uncomfortable 
from the distressing dyspnea. 


On examination, the physical signs were consolidation of the 
left lung. X-ray examinations were unsatisfactory, and reports were 
doubtful at this time. A provisional diagnosis of atelectasis was made. 
On December 18, a bronchoscopy was performed. The left main 
bronchus contained a tumor which almost filled the lumen. It was 
rough, vascular and friable. The appearance suggested malignancy. 


The following microscopic report on the section was made: “The 
tissue fragments showed a malignant neoplasm composed of small 
hyperchromatic cells, containing scanty cytoplasm and _ relatively 
large nuclei which were either solid or vesicular. The outlines of the 
cells were poorly delineated, though the predominating cells appeared 
round. The cells were disposed in small solid alveoli, in diffuse masses 
and in multiple rows about central cores of vascular fibrous tissue. 
The peripheral cells of the alveoli were often elongated with their 
long axes directed at right angles to the stroma. The latter was gen- 
erally sparse. In places it was vascular, while in other places it was 
dense and hyaline.” A diagnosis of a malignant tumor, either carci- 
noma or endothelioma, was made. 


The following is a summary of treatment used in this case: 
Beginning on December 29, 1926, and ending March 20, 1928, this 
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patient was bronchoscoped twelve times, each time the growth being 
partly coagulated with diathermy. On March 23, 1927, three radon 
seeds were inserted into the base of the growth. One of these was 
removed March 23rd. The other two could not be located. A total 
of nine millicurie was used. At the last bronchoscopy, March 20th, 
no sign of growth could be seen, the site being occupied by a small 
area of white scar tissue. It has been found possible in the treatment 
of more recent cases to diminish greatly the number of broncho- 
scopies and to shorten the period of treatment. It must be remem- 
bered that in this first case the treatment was experimental. 


This patient has remained well up to the present time, having 
been bronchoscoped in April, 1932, for observation, over four years 
after the first observation of the growth. A recent report from her 
stated that she was in perfect health now. 

CasE 2.—H. G., white, female, aged 17, was admitted to Lenox 
Hill Hospital on April 26, 1927, with a history of having had hemop- 
tyses for six years. Except when troubled with bleeding, she had been 
in good health. X-ray films, made in January, 1924, showed a shadow 
in the right lower lobe, which suggested to the radiologists either an 
abscess or a tumor, perhaps benign in character. 


An x-ray examination made in April, 1927, showed the same 
shadow in the right lower lobe. The radiologists felt that it had not 
grown in the interval of three years, and that it must be nonmalig- 
nant. A bronchoscopy, April 26, 1927, showed a large vascular 


tumor in the lower right main bronchus. 


The biopsy report was: ‘Malignant tumor, probably carcinoma. 
Tumor emboli in blood vessels. The specimen in formalin consists 
of several small irregular fragments designated ‘Tumor of right bron- 
chus.’ Sections of the tissue fragments show a malignant growth, the 
bulk of which is composed of small alveoli filled with rather small 
cells with poorly defined outlines and round or oval nuclei. The 
alveolar walls are usually thin and cellular. In one part of the tumor 
the cells take a deeper basic stain and appear somewhat larger than 
the rest of the cells. These cells are disposed in compact masses or in 
imperfect columns supported by strands of vascular stroma. Tumor 
emboli are present in several of the smaller blood vessels. The gen- 
eral structure of the tumor suggests a pulmonary origin.” 

This patient had four or five deep x-ray treatments in the 
summer of 1927 and thereafter no treatment. From then until De- 
cember, 1931, she had no more hemoptyses. At the present time she 


continues to be in good health. 
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Because it was deemed impossible that the original tumor could 
have been malignant and the patient at the same time have remained 
in good health, the slides taken at the biopsy were re-examined by 
Dr. Grethman of Bellevue Hospital and Dr. James Ewing. They both 
confirmed the diagnosis of carcinoma from the slides. It is important 
that the diagnosis of carcinoma was made in this case. Such a diag- 
nosis should not indicate pneumonectomy unless the other data con- 
cerning the tumor confirm such a diagnosis. 


Case 3.—A. J., aged 54, white, female, was first admitted to 
the Presbyterian Hospital on May 6, 1929; she was last admitted on 
August 15, 1934. Except for the symptoms of her pulmonary dis- 
ease she had been always well. At the age of six she developed a 
cough. At the age of thirteen she had a hemoptyses. Then for the 
next forty years she had hemoptyses of varing severity necessitating 
treatment and hospitalization. She was bronchoscoped at the Pres- 
byterian Hospital in 1929, and the right main bronchus was found 
blocked by a vascular tumor, of which a biopsy was taken. The 
diagnosis of carcinoma was made on this biopsy. A subsequent biopsy 
at Mt. Sinai Hospital, in 1932, showed the growth to be a nonmalig- 
nant adenoma. 


At the time of her admission, in 1929, physical examination 
showed a chronically ill, thin woman coughing up small amounts of 
dark blood. The left lung was negative. There were the physical 
signs of complete consolidation of the right lung. A description of 
the section of the tumor was as follows: “Section shows connective 
tissue, a large portion of which is necrotic, appearing as homogeneous, 
acellular, pink strands, at the edges of which there is calcium deposit. 
The rest of the tissue is a fairly dense stroma in which there are a 
moderate number of blood vessels and which is everywhere infiltrated 
by collections of small cuboidal cells, which in places show a tendency 
toward alveolar arrangement. The nuclei of these cells are hyper- 
chromatic. Mitotic figures are not seen. A few polymorphonuclear 
leucocytes and lymphocytes are scattered through the tissue. Diag- 
nosis: Carcinoma of lung. Note: It is impossible to tell from this 
section whether this is a carcinoma or a mesothelioma of the pleura 
which has invaded a bronchus. The cells resemble mesothelial cells 
rather than epithelial cells, but in the absence of definite x-ray evi- 
dence as to primary pleural involvement this diagnosis does not seem 
justified.” Then a year later, on October 29, 1930, it was agreed 
that the “specimen is a small round cell carcinoma of bronchial ori- 


gin, a slow-growing neoplasm, in view of absence of mitotic figures.” 
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In August, 1934, it was finally decided that the only course left 
to pursue was a pneumonectomy. For the first five days after the 
last admission, only a small amount of bleeding occurred, and the 
left lung was absolutely clear. The operation was performed on 
August 20, 1934. Since considerable difficulty wasexperienced in 
freeing the right lung, which was adherent to the parietal wall, dia- 
phragm and adjacent pericardium, it was decided during the course 
of the operation merely to separate the adhesions, put a loose tourni- 
quet around the hilum, and leave the completion of the pneumonec- 
tomy for a later date. During the first twenty-four hours post- 
operatively the patient’s condition was remarkably good, blood press- 
ure remained up, color excellent and breathing free and not labored. 
On the morning of the second day respiration became considerably 
more difficult with a pronounced expiratory grunt, moist rales at 
both bases. There was slight cyanosis. Her temperature gradually 
rose to 103, the pulse rose to 130 and became thready and feeble. 
Throughout the day cyanosis increased, respirations became _pro- 
gressively more rapid and shallow. At 8:00 o’clock that evening 
Cheyne-Stokes type respiration set in, and at 8:45 she died. 


On autopsy it was discovered that the entire lung was collapsed, 
measuring 12 x 10x 8 cm. The external appearance of the organ was 
so distorted by collapse and fibrosis that only with great difficulty 
could the division of the lung into three lobes be demonstrated. There 
was a firm, raised, smooth nodule projecting into the right main 
bronchus covered by bronchial mucosa. This nodule was continuous 
with a tumor the size of a grapefruit which had compressed the 
middle and lower lobes as to completely obliterate them. The upper 
lobe bronchus was completely closed by pressure from the tumor and 
the lower lobe was occupied by many bronchiectatic cavities. The 
small portions of the middle and lower lobe not occupied with the 
tumor were occupied by bronchiectatic cavities. Microscopic sections 
made of this tumor showed it to be the same structure as sections 
taken at the previous biopsy. 


Microscopic Examination. Tumor Nodule at Bifurcation of 
Right Bronchus.—The surface of the nodule is everywhere covered 
by a fairly thick band of fibrous tissue. In this at one side of the 
section there is a mass of dark purple calcified material. Here the col- 
lagenous tissue is widest, is relatively anuclear and has a homogeneous 
hyaline appearance. Farther along, the remnants of a columnar epi- 
thelial covering can be seen. Small vessels occur in this coat and some 
parts of it are more cellular than others. At one point the connective 
tissue is extremely thin and the underlying tissue is on the point of 
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breaking through. There are some small regions where the fibers are 
separated and the tissue seems edematous. At approximately the apex 
of the nodule there is a slight depression, from the bottom of which 
a broad band of dense connective tissue extends downward into the 
tumor, growing narrower as it goes. Beside it and reaching almost 
to the surface there is a small, thin-walled artery distended with 
blood. Beneath this fibrous coat lie masses of tumor cells in a sparse, 
loose connective tissue stroma. The arrangement of the neoplastic 
cells varies remarkably, sometimes even in the same field. In some 
places the tissue has an adenoid appearance with the cells arranged 
circularly around a definite lumen. Elsewhere it consists of large 
irregular masses or cords loosely surrounded by fine connective tissue 
membranes. In still other places it appears as delicate branching and 
anastomosing strands. The greater portion of the tumor seems to be 
growing free in alveolar spaces. The intervening connective tissue 
strands contain capillaries and seem to be separate structures rather 
than a tumor stroma. In addition there are many large areas of de- 
generation from which all nuclei have disappeared and only a uni- 
formly pink or violet staining area in which, although necrotic, the 
original architecture can still be seen. Other regions are composed of 
amorphous, closely packed masses of rounded tumor cells accom- 
panied by little or no fibrous elements. In these places there are 
usually foci of nuclear loss and beginning necrosis. Occasional small 
hemorrhages can be seen. The individual cells of the tumor vary 
only slightly, although in the larger masses and cords they tend to 
be larger and their cytoplasm to be less acidophilic. Likewise, thei 
nuclei are larger and lighter. Elsewhere they have small round or 
oval, very dark nuclei. In those which are less dark and in which 
separate chromatin masses can be made out, the latter tend to have 
a somewhat radial distribution suggestive of the plasma cell. The 
cytoplasm is homogeneous, pale pink and is not abundant. The cells 
are rounded or irregularly polygonal, depending on the pressure of 
neighboring cells. No mitotic figures are seen and there is no keratini- 
zation. There are several moderately large thrombosed vessels in the 
neoplastic area. 


Elastic Tissue Stain.—There is no elastic tissue in the fibrous 
septa resembling alveolar walls seen in the H. and E. stain between 
the smaller masses of tumor cells. Elastic fibers in the walls of the 
arteries are well stained. 

Mallory Connective Tissue Stain.—There is an extremely sparse 
fibrous stroma. Relatively Jarge areas are practically devoid of con- 
nective tissue. In some areas of more abundant fibrous tissue the 
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tumor seems to be invading the collagenous tissue rather than the 
latter acting as a support for it. At one point the tumor cells have 
broken through the fibrous coat separating them from the lumen of 
the bronchus. 


Tumor: A.—The pleomorphism of the tumor is again evident 
here. There also are large regions of degeneration. In addition there 
is a small area of calcification in which true bone formation has oc- 
curred with beginning development of a marrow cavity. Near this is 
a broad band of fibrous tissue sparsely infiltrated with polymorpho- 
nuclears, lymphoid and mononuclear cells, and containing occasional 
deposits of greenish-black pigment. Small masses of tumor cells lie in 
spaces in the collagenous tissue. 


Mucicarmine Stain.—There is no mucin production by the 
tumor cells. The alveolar structure is well brought out. 


Elastic Tissue Stain.—-The absence of elastic fibers in the con- 
nective tissue surrounding small masses of tumor cells is again evident, 
although elastic tissue in the arterial walls is well stained. 


B. The tumor here is essentially similar to that in the previous 
slides. There is a large degenerated area in which lie several relatively 
large arteries containing thrombi. 


Foot Bielschowsky Stain.—Around the masses of tumor cells 
there is a coarse reticulum from which finer fibers run into the mass 


and between individual cells. 


C. This is a section from the base of the middle lobe. The pleu- 
ral side consists of loose fibrous tissue through which run large and 
small vessels engorged with blood. Extensive hemorrhage has oc- 
curred into the greater portion of this fibrous tissue, but there is little 
cellular infiltration. The outermost portion contains some fibrin and 
numerous bacteria, but even here there is no cellular reaction. Some 
of the inner portions of this fibrous tissue are hyalinized, while others 
appear as a homogeneous pale pink anuclear material. There are oc- 
casional areas of elastic tissue scarring in the fibrous portions. There 
are a few small deposits of greenish-black pigment granules. The 
rest of the section, inside the fibrous region, consists of degenerated 
tumor tissue, all of which, including the nuclei, takes a bluish pink 
stain. Along the outer margin of the tumor there are deposits of a 
dense dark purple material lying between or replacing the tumor cells. 


Base of Right Lower Lobe.—The inner portion of the section 
consists of tumor, largely degenerated, in which are several large 
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thrombosed arteries, frequent foci of calcification, and two mod- 
erately large spicules of true bone. The tumor cells are closely packed 
together or strung along branching strands of connective tissue. As 
in previous sections, many seem to be growing in alveoli. In the 
fading nuclei the previously mentioned radial distribution of chro- 
matin masses, which gives them their resemblance to lymphoid cells, 
is clearly seen. Surrounding the tumor mass there is a smooth, regu- 
lar capsule of dense connective tissue which, over an appreciable por- 
tion of its outer surface, is covered with a single layer of low cuboidal 
cells. A few small collections of tumor cells occur outside of this 
capsule, but there is no change in the character of these cells. Oppo- 
site the capsule and separated from it by an open space is a similar 
layer of uniform connective tissue. Immediately outside of this there 
are a few more masses of tumor cells, and then a broad region of 
loose, irregular, collagenous tissue, much of which appears hyaline 
and through which run many engorged vessels of varying size. There 
are occasional collections of lymphocytes, much hemorrhage, some 
calcification and frequent deposits of anthracotic pigment. Caught 
in the strands of the outermost portion there are numerous masses of 
bacteria. 


Gram Stain.—The organisms seen in the H. and E. stain are 
chiefly gram positive cocci, but large gram positive bacilli are also 
numerous. 


Tumor Capsule.—On the inner side there are a few bits of tu- 
mor. Near by is a relatively large area of bone formation. The rest 
of the section consists of fairly dense, hyalinized, interwoven strands 
of collagenous tissue. Included are two large arteries, the walls of 
which are thickened, almost to the point of occlusion. 


Right Upper Lobe.—Along the pleural surface there is a small 
coating of finely granular material containing occasional fibrin 
strands. Beneath this the pleura is much thickened, edematous and 
contains many small engorged vessels. The parenchyma is greatly 
distorted. The alveoli are compressed and their walls thickened by 
connective tissue. Most of the alveolar spaces are filled with extrava- 
sated red blood cells. Many of them also contain numerous large 
mononuclears, often filled with greenish-black pigment. In the neigh- 
borhood of the dilated bronchi there are large areas of fibrosis, many 
composed of loose and edematous tissue. In these areas only an occa- 
sional remnant of an alveolus can be seen. Everywhere throughout 
the section vessels are distended with blood. The bronchioles are 
immensely dilated and are for the most part empty, but some con- 
tain a deep blue staining coagulum. They are lined by tall columnar 











SE Cy 


CLINICAL NOTES AND NEW INSTRUMENTS. 1181 


epithelium. Metaplasia of the epithelium has occurred in several. 
The connective tissue around many of the bronchioles is densely 
infiltrated with lymphoid cells and polymorphonuclears. Partial cal- 
cification has occurred in the bronchial cartilage. 


Final Note.—An interesting case of a woman, aged 54, who had 
had large hemoptyses for five years. Four years ago a diagnosis of 
carcinoma of the lung was made from a piece of tissue having been 
removed at the time of bronchoscopic examination. In the lower and 
middle lobes of the right side is a tumor infiltrating the lung exten- 
sively, and occluding the bronchi of these two lobes and extending 
into the bronchus of the upper lobe. The tumor is composed of small 
cells of uniform size, having infrequent mitoses and not tending 
to form glands nor to produce mucin. The morphology of the cells 
suggests that the tumor grew slowly. The origin of the tumor is 
probably not from the larger bronchi but from the more distal por- 
tion, as for example, the ductus alveolarus. No metastases were 
found in the opposite lung or in the bronchial lymph glands. This 
case was presented at conference November 22, 1934, as an example 
of the group of cases which Dr. Stout calls “tumors” of the bronchus. 
It would seem to be a malignant tumor which arose from what is 
called “Intrabronchial Polypoid Adenoma,” by Reisner, Archives of 
Surgery, Volume 16, 1201, and ‘““Adenoma,” by Wessler and Rabin, 
American Journal Medical Sciences, volume 183, 1932, 164. These 
tumors have also been called “basal cell carcinomas,” arising from 
mucous gland ducts, at Johns Hopkins Hospital, and also “car- 
cinoids.” 


These tumors, of which some thirty have been reported, form 
a clinically recognized group, which begin as smooth polypoid ade- 
nomata, partly occluding a main bronchus, and in most cases remain 
benign and noninfiltrating over a period of months or years. They 
do not, even after becoming invasive, involve the regional lymph 
glands nor do they metastasize. 

The origin of the tumor is not entirely clear. There are three 
possibilities: bronchial epithelium, mucous glands, and duct epithe- 
lium of these glands. The fact that, in the early stages at least, these 
tumors are covered by an intact bronchial mucous membrane argues 
against this as the origin. Furthermore, they do not characteristically 
form mucus as would be expected if they originated in the mucous 
glands of the bronchi. This leaves the epithelium of the ducts of 
these glands as the most probable origin. The occurrence of cilia 
with basal corpuscles in one of the sections in this case would seem 
to exclude an alveolar origin. 
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Case 4.—A. D., a thirty-three year old Russian Jewish house- 
wife was first admitted to the Presbyterian Hospital on October 16, 
1929. The patient started having trouble about March, 1928, when 
she developed a productive and persistent cough. The sputum, vary- 
ing from none to 250 cc. in twenty-four hours, was of bad odor. 
Several small hemoptyses occurred. 


Physical examination made on this moderately obese woman 
revealed that her trachea was in midline with no tug, and that the 
thorax was symmetrical. The right lung was clear, but the left one 
showed diminished expansion with numerous rales and ronchi. The 
signs suggested limited cavitation in the left lower lobe. 


On November 6, 1929, a bronchoscopic examination revealed a 
vascular tumor just beneath the left upper lobe bronchus. A patho- 
logic report on this tissue pronounced it a carcinoma of unknown 
origin, poorly differentiated, with no mitoses. The growth was de- 
stroyed by diathermy in the course of three treatments. Thereafter 
her symptoms were those of an extensive bronchiectasis. The diag- 
nosis at the later admissions was “bronchiectasis of the left lower lobe 
due to carcinoma of the bronchus.” On June 13, 1933, the following 
X-ray report was made: “Film of the chest following the instillation 
of lipiodol into the left lower lobe bronchus shows the lipiodol out- 
lining a few saccular cavities here suggesting a bronchiectasis. The 
lumen of the main bronchus is not completely filled, nor is the entire 
left lower lobe bronchial tree. At present there is no evidence of 
an atelectasis of the left lower lobe to suggest that there has been a 
bronchial occlusion with possible secondary bronchiectasis. The two 
year course of this case makes one wonder if it is a true bronchial 
carcinoma.” 


The treatment of this case had consisted of diathermy, implanta- 
tion of radon seeds, postural drainage and bronchoscopic drainage. 
Although clinically the patient had gotten no worse, as would have 
been expected in a poorly differentiated neoplasm of presumably five 
and a half years’ duration, on account of the bronchiectatic symptoms 
which had persisted in spite of numerous bronchoscopic treatments, 
it was finally decided to do a lobectomy. This was entirely successful 
in restoring her to robust health. Examination of the tissue found 
in the lobe removed at the operation showed no evidence of the 
original growth. 


In May, 1935, this patient continued to be in good health. 


Case 5.—A. Q., white, female, aged 40, was admitted to the 
Lenox Hill Hospital on August 21, 1930, with a complaint of loss 
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of weight (twenty pounds in six months), and loss of appetite for 
ten months. She had been treated for various stomach ailments for 
ten months but to no avail. 


Fluoroscopic examination revealed a small shadow in the right 
lung. Physical examination of this small, poorly nourished woman 
proved to be negative except that the tactile fremitus was decreased 
slightly over the anterior chest on the right side. No rales were audi- 
ble and breath sounds were normal. 


On August 21, 1930, a bronchoscopy revealed the following: 
Below the level of the right upper lobe bronchus there was a tumor 
mass, shiny, irregular and polypoid in appearance, which apparently 
obstructed the entire lumen of the bronchus. A biopsy specimen, 
causing profuse bleeding, was reported as follows: Section of one of 
the fragments showed a carcinoma composed of acini, usually of 
small size, intermingled with small solid islands of cells. The cells 
lining the acini were usually low columnar in form and one to several 
rows thick. The solid structures were formed by small polyhedral 
cells with deeply staining nuclei and sparse cystoplasm. The stroma 
of the tumor was relatively scanty, although it varied in amount in 
different areas. It was, for the most part, poor in cells, though well 
vascularized and often showing considerable edema. In small local- 
ized areas in was myxomatous. Section of the other fragment showed 
a carcinoma apparently composed exclusively of small glandular 
acini, the cells of which were larger and more chromatic than those 
of the first described fragment. These structures were crowded close 
together, being separated by strands of vascular fibrous tissue. Diag- 


nosis: Adenocarcinoma of the bronchus. 


From August, 1930, to November, 1930, the patient was 
bronchoscoped, with coagulation of the tumor diminishing percepti- 
bly the size of the mass. 

A year later, in November, 1931, when the patient was re- 
admitted to the hospital, her general condition had improved. She 
had been raising a little mucus upon arising, but there had been no 
excessive coughing during the day and no pain in her chest. X-rays 
of the chest at this time showed a large triangular area filling the 
region between the right heart border and the right side of the dia- 
phragm; three radon seeds were still visible from the apex of the 
triangle; the upper three-fourths of the right lung field and the entire 
left appeared normally clear. 

The patient was bronchoscoped at frequent intervals during the 
next four months. The bronchus was rough looking but gave no 








1184 JOHN DEVEREUX KERNAN. 


evidence of malignancy. A report on a biopsy taken diagnosed the 
tissue from the bronchus as a chronic inflammation. 


In October, 1934, the patient was bronchoscoped again, at 
which time the inflammatory tissue was again noted near the cardiac 
branch, with a scanty amount of discharge, but it did not have the 
appearance of a recurrence. 

The patient, who was at the hospital recently, was feeling fine 
and had no complaints. 


Case 6.—L. K. was admitted to Lenox Hill Hospital October 
12, 1930, complaining of dyspnea and cough of two weeks’ duration. 
She had had pain over her left chest for three days, which was not 
aggravated by breathing. Her cough was unproductive. 

Examination showed that the left side of the chest expanded 
very little, with a dullness of the whole upper half and flatness at 
base, both anteriorly and posteriorly. Absent fremitus and absent 
breath sounds at the base of the lung were noted. In the upper half 
of the chest anteriorly was a high pitched distant tympanitic per- 
cussion sound. Breath sounds had an amphoric quality. The same 
existed posteriorly but breath sounds were distant. No rales were 
present anywhere. The right lung was over-aerated and hyper- 
resonant with exaggerated vesicular breath sounds. A_ tentative 
diagnosis was made of massive collapse of the left lung, due to the 
occlusion of the left bronchus by a possible carcinoma. X-ray exam- 
ination showed atelectasis of the left lung. Wassermann test was 
negative. 

A bronchoscopy performed shortly thereafter revealed that the 
left bronchus was completely closed by a mass of tumor tissue which 
sprang from its wall and also involved the trachea for an inch above 
the bifurcation. The right bronchus was also closed by tumor masses. 
The tumor mass, which was vascular, friable and subject to bleeding 
when touched by the tube, appeared to be malignant. 


Two days after the bronchoscopy a second x-ray examination 
showed that the entire left lung was much clearer and also normally 
aerated, contrasted with the atelectasis of the previous x-ray exami- 
nation four days before. 

Examination of the biopsy taken at the first bronchoscopy 
showed that the specimen had a stroma of very dense hyaline con- 
nective tissue, in which there was a most intense round cell infiltra- 
tion. One small portion of the section had a new growth composed of 
polyhedral cells arranged in small acini. The individual cells were in- 
tensely hyperchromatic; the nuclei were central. A classification of 
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the tumor type could not be made on the material submitted at that 
time, but the diagnosis given as malignant tumor, most probably 
small celled carcinoma. 


The patient left the hospital without treatment. She was not 
seen again until June 30, 1931, when a follow-up x-ray revealed no 
roentgen evidence of the lesion in the left bronchus. 


On March 21, 1934, the patient, readmitted to the hospital for 
a bronchoscopic examination, was feeling fine with no complaints 
of cough, loss of weight, fatigue or chest symptoms. The broncho- 
scopy showed nothing pathologic in the bifurcation or right main 
bronchus. Near the mouth of the left main bronchus there was a 
fibrous band stretching across the ]umen posteriorly, forming a sort 
of shelf, with a little canal running under it. The fibrous adhesion 
was ruptured, and a small spot of what appeared to be granulation 
tissue was seen on the posterior wall. The tumor in the bronchus of 
this patient had disappeared without treatment. 

Case 7.—B. B., white, male, aged 13, was admitted to the Lenox 
Hill Hospital on February 5, 1931. Eleven days before admission he 
had taken cold, accompanied with pain in the legs and a temperature 
of 101. Two days later he had a temperature of 104, a cough with 
-onsiderable expectoration, at times blood streaked, but no pain in 
his chest. His case was diagnosed as a left lobar pneumonia, a day 
following the crisis of which he had quite a hemorrhage. X-ray pic- 
tures at this time showed a uniform density of the lower half of the 
left chest; the heart was drawn to the left; the upper left chest was 
also cloudy, though not to the same degree. The diagnosis, based on 
the x-ray examination, was the presence of pleural fluid in the lower 
left chest. Three days later the patient was admitted to the hospital. 
The same vomiting of blood which had occurred a few days before 


admission continued several times after admission. 


The patient was observed for a possible empyema or foreign 
body. He began to improve and continued to do so. Though bron- 
choscopy was considered at this admission, it was not done. The 
lesion in the left chest showed considerable clearing up in the upper 
half, and the lower half remained uniformly dense. 


Over a year later, on June 27, 1932, he was readmitted to the 
hospital with a recurrence of his symptoms of cough, temperature 
and pain in the left chest of eight weeks’ duration. X-ray at this 
time revealed a recurrence of the processes which had been present 
before. A bronchoscopy performed then revealed a tumor protrud- 
ing from the left and posterior wall off the bronchus, partially block- 
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ing the lumen; the tumor was rough, firm and vascular; the mucous 
membrane below and above it was normal. The microscopic examina- 
tion of the biopsy taken showed: “A malignant epithelial growth, 
the bulk of which is situated in the deeper part of the tissue. In 
this region the structure consists of compact nests of rather small 
rounded or polyhedral cells supported by a relatively small amount 
of dense fibrous tissue which is poor in cells and blood vessels. The 
cell nuclei are round and usually vesicular, and the cytoplasm is 
scanty and moderately acidophile. Here and there are noted larger 
cells containing a single nucleus. More superficially, the cells become 
smaller, more compressed and grow in narrow and often irregular 
and ramifying strands which show a tendency to retract from the 
supporting stroma. Some of these cell strands extend into the mu- 
cous membrane, but have no connection with the surface epithelium. 
The latter, however, in places is completely eroded away. In parts 
of the tumor are noted round or slit-like spaces bordered by one or 
several rows of tumor cells. Definite glandular structures, however, 
are not observed. Neither intercellular bridges nor epithelial pearls 
are demonstrable. The stroma shows rather slight round cell infiltra- 
tion and a few small scattered hemorrhages. Careful search fails to 
reveal the presence of mitotic figures. 

During the next six months the patient was bronchoscoped 
about eleven times. Diathermy very quickly reduced the growth to 
a roughening on the posterior wall of the bronchus about the mouth 
of the upper lobe bronchus and extending a short distance into the 
lower lobe. Before long the growth disappeared entirely. Broncho- 
scopy in October, 1932, revealed a constriction of the lumen of the 
left bronchus, below the level of the upper lobe bronchus, and a 
little mucopurulent secretion in the neighborhood of bifurcation. 
X-ray pictures at this time indicated considerable bronchiectasis in 
the mid-left chest. 


The patient was bronchoscoped three times in 1933, in Febru- 
ary, April and July, at which times no pus or neoplasm was seen. 
The condition of the lung seemed improved, though there was still 
some congestion in the main lower lobe bronchus. 


The last of December, 1933, the patient was readmitted to the 
hospital with chills, cough, dyspnea and pain in the chest. A diagno- 
sis of occlusion of the left main bronchus with atelectasis of the 
entire left lung was made. Bronchoscopic examination proved that 
there was no new growth but that the lower lobe bronchus was a 
dense mass of scar tissue through which were two openings, the 
anterior one discharging pus and the posterior one coming from the 
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first dorsal branch which was fairly well open. In the constricted 
lumen of the brain bronchus, represented by the anterior opening, 
could be seen the granulation tissue. An attempt was made with 
the dilator to dilate the bronchus, which was unsuccessful. X-ray 
examination shortly thereafter indicated a diagnosis of bronchiectasis 
with considerable pneumonitis present at the left base surrounding 


what appeared to be multiple small cavities. 


Subsequently the patient developed small abscesses below the 
level of the stricture in the left lower lobe and was operated upon. 
A rib resection with drainage of small multilocular abscesses was 
done and a biopsy of the lung was taken. The pathologic report was 
chronic suppurative inflammation of the lung with bronchiectasis 
and chronic interstitial pneumonitis; there was no evidence of neo- 
plastic disease. 

On October 15, 1934, the patient was again operated on for a 
chronic fistula, followed by a lobectomy. He died the following day. 
The pathologic report at the time of lobectomy was chronic pneu- 
monitis with bronchiectasis. There was no evidence of malignant 
disease. 

Case 8.—R. F., white, female, aged thirteen, was admitted to 
che Lenox Hill Hospital on January 4, 1933, with a complaint of 
weakness, frequent colds, a persistent cough with no expectoration, 
hemoptyses, intermittent attacks of fever but no loss of weight. (Her 
family history revealed carcinoma in the case of her grandmother, 
her father and one aunt.) About a year before admission to the 
Lenox Hill Hospital the patient had been admitted to St. John’s 
Hospital, Long Island City, where her condition had finally been 
diagnosed as tuberculosis. X-rays were taken and a left pneumo- 
thorax had been performed. She had been discharged from St. John’s 
in February, 1932, with a very poor prognosis. In March she went 
to the Department of Health for re-examination, where she was told 
she did not have tuberculosis and was sent to Bellevue Hospital for 
diagnosis. There she was bronchoscoped four times. Two biopsies 
were reported as carcinoma of the bronchus and two as polyp of the 
bronchus. 


On admission to Lenox Hill Hospital, examination showed a 
few rales in the upper part of the right chest posteriorly with no 
evidence of previous pneumothorax; the remainder of the chest was 
clear. A bronchoscopy was performed at this time, and in the left 
main bronchus, above the level of the upper lobe bronchus on the 
anterolateral aspect, there was a small nipple-like tumor. X-rays 
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taken then revealed that there was “‘an indefinite density in the left 
lower half of the chest with pulling over of the cardiac shadow and 
elevation of the left side of the diaphragm. Lung tumor with bron- 
chial obstruction would be suspected as a cause of the appearance 
presented.” Microscopic examination of the biopsy taken at the 
bronchoscopy showed a fibrous nodule, probably inflammatory. An- 
other biopsy, taken a week later, showed a section which suggested a 
small-celled carcinoma of the bronchus. 


In the next three months diathermy was applied to the tumor 
through the bronchoscope three times, with the result that the tumor 
mass disappeared and was replaced by a scar, leaving the bronchus 
wide open. 

Bronchoscopies were performed at irregular intervals, and, when 
examined on August 9, 1934, there was no sign of a recurrence. How- 
ever, a lipiodol injection by the drip method showed that the patient 
had an extensive bronchiectasis, which was concluded to be dry, since 
the patient had no symptoms of cough or expectoration. 


Case 9.—M. S., white, male, aged 33, was first admitted to the 
Presbyterian Hospital on September 18, 1934, with a chief complaint 
of cough and fever of thirteen months’ duration. His illness origi- 
nated with a mild cold, which after exposure had become suddenly 
worse with chest pain, cough with a little sputum of forgotten type 
and fairly severe fever. At this time the local doctor diagnosed the 
case pneumonia and sent him into St. Luke’s Hospital, Utica, N. Y., 
for three weeks. The pneumonia was a lobar one of the left upper 
lobe with perhaps some involvement of the right lower lobe. Type 
IV pneumococcus was found. On discharge the patient still had con- 
siderable cough, raising two ounces of sputum, and with spells of 
fever every few days. Twelve months ago the patient, weighing 
eighteen pounds less than usual, went home with the spells of fever 
and cough continuing; he was also suffering from severe night sweats. 
Sputum was scanty with only an occasional small greenish bit of 
mucus, not foul, no blood ever. Eleven months ago x-ray pictures 
were taken at St. Luke’s, in Utica, which were interpreted as tuber- 
culosis. No sputum examination was made. Ten months ago, as his 
symptoms continued, the patient went to Broadacres Sanatorium in 
Utica, where he remained six months. Two more sputum examina- 
tions before admission were negative, and in the hospital at least a 
dozen more were negative, and two guinea inoculations were un- 
productive. X-rays of his chest were said to show a “honey-comb 
shadow” in the left upper lobe. Sanatorium doctors apparently dis- 
agreed as to diagnosis and never would call it tuberculosis. During 
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the stay the patient’s weight returned to normal. The cough im- 
proved, but the x-ray shadow changed little. Fever became less fre- 
quent, coming about every two weeks and lasting only a few days, 
still of spiky type. The patient had no more night sweats. For the 
last four months the patient had been in the Catskills, pretty much 
in bed. The same fever spells continued and became more frequent, 
coming every few days or lasting fairly steadily. He had no more 
night sweats and no loss of weight. Sputum was negative again two 
months ago. The sputum increased slightly in the last month before 
admission. As the bout of fever comes on, the patient had more 
cough and more sputum, but the sputum comes more at night than 
in the morning. The patient finally came to the P. H. because of his 
failure to improve. The patient reported that doctors had always 
commented that no one had ever recorded hearing rales in his chest. 


Examination of his lungs showed: ‘‘Anteriorly over an area 
about 6 cm. in diameter, extending from the clavicle to the fourth 
rib and from the sternum out 6 cm. laterally, there is dullness, 
diminished but normal B. S. and decreased T. F. and V. F. Above 
the clavicle and lateral to this area all is normal. Posteriorly over a 
corresponding area (interscapular and suprascapular, but not to true 
apex) the V. F. and T. F. are decreased but B. S. and resonance are 
normal. No rales heard. Rest of lungs clear. Both bases level and 
descend well. The impression gained was a possibility of lung abscess 
or interlobar empyema.” At the same time stereoscopic chest films 
showed an extra density in the left middle lung field which stereos 
anteriorly. There was a suggestion of a cavity in the center, but no 
definite fluid level was seen; the findings were thought to be pretty 
definitely those of a lung abscess. Two weeks later it was decided 
that the x-ray studies confirmed the history diagnosis of lung abscess, 
placing it in the left upper lobe; the process was supposed to be in 
such an advanced chronic stage that spontaneous healing seemed im- 
possible; drainage seemed necessary, perhaps to be followed eventually 
by a partial pnumonectomy or lobectomy. It was felt, however, that 
the possibility of a lung abscess in association with bronchial neo- 
plasm could not be definitely ruled out without bronchoscopy, a 
bronchoscopy was performed. The bronchoscopy revealed that the 
right side was negative; a cluster of granulation tissue or soft neo- 
plastic mass was seen coming out of the mouth of the left upper lobe 
bronchus, with no pus descending from this bronchus; no pathology 
or pus was seen in the lower lobe bronchi. The biopsy report on the 
specimen taken at this bronchoscopy was as follows: “The specimen 
consists of a very small mass of soft pink tissue partly covered by 
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mucous membrane. It measures 7 x 5 x 4 mm. The mucous-covered 
surface is slightly nodular. The cut surface is soft. Specimen fixed 
in Bouin-embedded in toto. Sections of the pieces of tissue removed 
show that it is almost completely filled by a tumor. This is composed 
of slender, solid, anastomosing strands of cells which are rather small, 
cuboidal, have centrally placed nuclei, and faintly acidophilic, finely 
granular cytoplasm. The cords of tumor cells are separated one from 
the other by rather delicate strands of collagen fibers in which the 
blood vessels are found. No mucin is seen in the cells, and there 
seems to be no tendency to form acini. A small amount of the 
bronchial musculature is present, and along one margin a little bron- 
chial mucous membrane. The growth scems to lie deep to the small 
fragment of muscle which is present in the section. No mitoses are 
seen. This is the type of tumor of the bronchus which tends to grow 
slowly, project into the lumen, causing partial or complete obstruc- 
tion with resulting bronchiectasis and infection. It tends slowly to 
penetrate the bronchial wall and to grow to a limited extent in the 
tissues outside of it, but so far as our experience extends, it does not 
metastasize. No satisfactory name has been generally accepted. Both 
the terms ‘adenoma’ and ‘carcinoma’ have been used, and at the pres- 
ent time we are using the noncommittal term ‘tumor.’ If the case 
is operable, a cure may be effected by lobectomy or pneumonectomy. 
Diagnosis: “Tumor’ of the bronchus.” 

The patient came in for ten subsequent bronchoscopies during 
the next six months to date, at the first one of which it was discovered 
that the soft and more or less pedunculated tumor dammed up a 
considerable amount of pus, which was released when several bits of 
the tumor were bitten away. At the next seven bronchoscopies the 
tumor was fulgurated with diathermy, thereby completely destroying 
the growth. He was bronchoscoped several times afterwards for ob- 
servation. On his last admission, eight months after his first admission 
to Presbyterian Hospital, he appeared to be in very excellent condi- 
tion, with no cough, no sputum and no hemoptyses. The breath 
sounds over the left chest were coming through quite distinctly, 
indicating that the lung had re-expanded. 

Case 10.—G. E., white, female, aged 26. This patient had had 
cough and shortness of breath for a year. Occasionally there were 
acute febrile attacks, due seemingly to complete plugging of the right 
bronchus and collapse of the jung. These attacks had been increasing 


in frequency and in severity. 


On June 14, 1934, this patient was bronchoscoped. A soft tumor 
was found which appeared to have a tendency to be pedunculated. 
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A biopsy was taken at this bronchoscopy. The pathologists who 
examined the sections differed greatly in their reports, some insisting 
that it was a carcinoma, on the basis of which report the thoracic 
surgeons urged a pneumonectomy. Consent was given to try the 
effect of diathermy. 


On June 28, 1934, July 5, 1934, and in July, 1934, she was 
bronchoscoped and diathermy was used. 

On September 25, 1934, she was bronchoscoped again, at which 
time no remains of the tumor could be seen. 
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Abstracts of Current Articles. 


NOSE. 


Pyocele of the Frontal Sinus (Sur les empyemes enkystés du sinus frontal). 


Prof. A. Laskiewicz (Poznan), Rev. de Lar., 56:561 (May), 1935. 


Reporting two cases of thick-walled cysts of the frontal sinus 
lined with ciliated epithelium and filled with pus. These cysts were 
firmly attached to, and had thinned both anterior and posterior walls 
of the sinuses with strong fibrous adhesions; marked external edema 
was present, with much pain and tenderness. Radiographic findings 
resembled those of mucocele. 


Complete extirpation by external radical operation was curative, 
without recurrence, in a few weeks. Such cysts are apparently due 
to closure of the nasofrontal duct in the presence of a bloody exudate 
with low grade infection. Symptoms include bulging downward of 
the floor of the sinus over the inner canthus, flexibility of the thinned 
anterior wall of the sinus under digital pressure, with inability to 
probe the nasofrontal duct and absence of pus in the nose. Severe 
frontoparietal pain becomes constant. 

FENTON. 
Histopathology of Septal Cartilage After Submucous Resection (Nota istopato- 


logica sul comportamento della cartilagine del setto masale nelle resezinni 
sottomucose). 


Gianni, O. (Parma), Arch. Ital., O., R., L., 47:487 (July), 1935 


Resecting the septal cartilage in dogs, Gianni found that no 
proliferation of cartilage ever occurred submucosally, but that firm 
fibrous tissue grew between the flaps from the perichondrium. Re- 
moval of one mucosal flap prevented the formation of this fibrous 
layer and tended to produce perforation. 

FENTON. 
Malignant Tumors of the Nasal Mucosa. 


Price, L. Woodhouse, J. of Laryng. and Otol., L:153-184 (March), 1935. 


The author recounts a series of malignant tumors of the nose 


and the accessory sinuses, and attributes to their particular ana- 
tomic relationships their high mortality rate. He discusses the clini- 
cal diagnosis and recommends the cytologic examination of material 
removed by aspiration. He describes the pathology of these growths 
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and proposes a classification based upon the nature of the epithelium 
from which they arise. Invasion of extranasal tumors into the nose 
is also discussed, and the complexity of paradental tumors is shown 
to be attributable to their origin from multipotential cells derived 
from the anlage of the enamel organ. 


PHARYNX. 


Syphilitic Angina With Tonsillo-palatine Plasmocytoma (Angini sifilitica con 
plasmama tonsillo-palatino). 


Scalzitti, M. (Rome), Valsalva, 11-375 (July), 1935. 

Reporting a case of bilateral pinkish-gray swelling and stiffening 
of the pharyngeal pillars, uvula and tonsils, with difficulty in swal- 
lowing and persistent otalgia, in a man of 38, Scalzitti found uniform 
connective tissue hyperplasia with marked plasma cell infiltration 
throughout. With the Levaditi stain, the spirochaeta pallida could be 
demonstrated throughout the parenchyma, clinching the diagnosis 
of secondary lues. 

FENTON. 
Malignant Tumors of the Nasopharynx. 
Heine, Lyman H. (Boston), Arch. Otolaryng., 22:51 (July), 1935. 

Nineteen cases of malignant tumor of the nasopharynx en- 
countered at the Massachusetts Eye and Ear Infirmary from Septem- 
ber 1, 1933, to September 1, 1934, are reviewed. 

From this number, a group representative of the various types 
of neoplasm rather commonly located in this region was selected. 
Data on the cases have been presented in the order of the frequence 
of occurrence of the lesions in the series, along with a short discussion 
of the pathologic changes, treatment and follow-up in a few of the 
cases. 

Reticular cell sarcomas have been described and separated from 
the old generalized grouping of lymphoblastoma. 

The following conclusions suggest themselves: 

1. The nasopharynx bears a rather fertile soil for the develop- 
ment of the various types of neoplasm. 

2. Any abnormality in the appearance of the tissue in this region 
is worthy of biopsy. 

3. Tumors arising from the different kinds of epithelial covering 
over the vault of the nasopharynx are different, both pathologically 
and clinically, from most other epithelial tumors and evidently de- 


serve some special classification. 
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4. Reticular cell sarcoma occurs in the nasopharynx and should 
not be confused with lymphoblastoma. 

§. The results in this series are in support of radiation therapy, 
but the follow up was limited to a period too short for conclusions as 


to the permanency of results. 
TOoBEy. 


LARYNX. 


Clinical Aspects of Laryngeal Cancer (L’aspect clinique du cancer du larynx). 

Prof. G. Portmann and J. Herson (Bordeaux), Rev. de Lar., 56:525 (May), 

1935. 

Analyzing 169 cases, the authors state that 63.6 per cent are 

characterized clinically by hoarseness or by glandular invasion, and 
these usually wait too long before seeking help. Since pain character- 
izes the rarer forms—dysphagic or otalgic—these latter consult the 
laryngologist reasonably early. Therapeutic insufficiency in late cases, 
and the mediaeval destructiveness of our methods, surgical or by ra- 
diation, reflect our ignorance of the causes of malignancy. We have, 
however, no choice and must use these methods. Training people gen- 
erally, and family physicians in particular, never to neglect chronic 
hoarseness after forty, and always to investigate glandular enlarge- 
ment, are consequent upon study of the statistics which form the 
bulk of this valuable contribution. 


The cases were located as follows: Vocal cord, 13; ventricular 
band, 12; both, 8; anterior commissure, 3; vocal cord extending to 
aryepiglottic fold, 2; ventricular band extending elsewhere, 6; epi- 
glottic, 23; epiglottic extending elsewhere, 22; arytenoid, 7; ary- 
tenoid extending elsewhere, 13; aryepiglottic fold, usually extending, 
6; pyriform sinus, 9; same, extending, 5; half the larynx involved, 
32; advanced, diffuse, 14; total, larynx proper, 44 (25.2 per cent) ; 
pharyngolaryngeal, 125 (74.8 per cent). Loss of weight, due to 
autointoxication and dysphagia, is the most frequent general symp- 
tom. 

FENTON. 
Unknown Factors in Pericarotid Sympathectomy for Tubercular Laryngitis (In- 
cognite delle simpaticectomie pericarotidee nella cura delle laringiti tuberco- 


lari, ecc.) 


Prof. E. Rubaltell (Padua), Arch. Ital., O., R., L., 47:499 (July), 1935. 


Recognizing the manifest improvement due to improved cir- 
culation brought about by pericarotid sympathectomy in the dys- 
phagia of laryngeal tuberculosis, the author demonstrates that it 
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is dangerous to practice this resection at the carotid bifurcation be- 
cause of damage to the carotid glomus, which is thought to assist in 
controlling and regulating breathing. He would limit perivascular 
sympathectomy to the superior and middle laryngeal and superior- 
thyroid arteries, or perhaps a short distance at the beginning of the 
external carotid. He feels that unless it can be proven that reflex 
central stimulation is added to the known peripheral vasodilatation 
by this procedure, such a difficult and dangerous method would bet- 
ter be abandoned in favor of recognized chemical, thermic or me- 
chanical procedures. 
FENTON. 

Contact Ulcer of the Larynx. 

Jackson, Chevalier, and Jackson, Chevalier L. (Philadelphia), Arch. Otolaryng., 

22:1 (July), 1935. 

Contact ulcer of the larynx is a disease characterized by a dis- 
tinctive location, etiology, pathologic process, course and interminable 
duration unless it is recognized and properly treated. 

It is usually overlooked; when scen, it is usually mistaken for 
cancer or tuberculosis. 

The exciting cause is vocal abuse. The perpetuating cause is 
necrosis of the tip of the vocal process of the arytenoid cartilage 
located in the bed of the ulcer. 

The diagnosis is made by mirror examination, by direct laryngo- 
scopy and, rarely, by biopsy. 

The regimen of silence is the most important part of treatment. 
If the talkative patient cannot be controlled he will frustrate all 
efforts to cure the condition. Excision of accompanying granuloma 
is sometimes necessary, and in some instances the ulcer itself may 
require excision. These measures, however, must be carried out with 
extreme neatness and delicacy, or irreparable damage may be done. 
Silver nitrate and other similar local applications are worse than 
useless. 

TOBEY. 


The Behavior of the Subglottic Pressure During Phonation (Sul comportamento 
della pressione sottoglottica durante la fonazione). 
Cornelli, G. (Milano), Arch. Ital. di Otol., Rino. and Laring , 46:701-719 (Oc- 
tober), 1934. 
The author investigates the air pressure in the subglottic space 
during phonation, experimenting on a patient who had a (post- 
laryngofissure) tracheal fistula. 
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Graphs were taken of the subglottic pressure during the phona- 
tion of various types of words. These graphs reveal three character- 
istic curve changes which take place: (1) at the beginning of phona- 
tion; (2) during the period of maximum pressure, and (3) during 
the preparatory or latent period. 


The first change in the curve is always constant, and it indicates 
the minimum limit of pressure for each vowel or consonant, which 
will always be reached whether the vowel or consonant is either at 
the beginning or in the middle of the word. This coefficient is influ- 
enced by the density of the voice. 


The second change represents the period of maximum pressure, 
and it always varies according to the intensity of the sound and the 
location where the accent falls on the word. Therefore, this curve 
change is constantly proportioned to the sound intensity and moves 
in the curve according to the position of the accent. 


The third, latent or preparatory, period varies at all times. It 
represents the time which elapses between the beginning of the 
increase in pressure of the breathed air and the emission of the voice. 
In reality this period is the pressure limit which is in relation to the 
rapidity with which the thoracic cavity contracts. 

SCIARRETTA. 


EAR. 


Treatment of Thrombosis of the Lateral Sinus. 


Meltzner, Philip E. (Boston), 22:131 (Aug.), 1935. 


Symptomatically it is impossible to distinguish between sinus 


thrombosis and _ phlebitis. 


In a total of 4,961 cases of resection of the mastoid, the diagnosis 
of sinus thrombosis was made in 161 cases, indicating that it occurred 
once in approximately 31 cases. Sinus thrombosis is the most fre- 
quent complication of mastoiditis, the greater number of cases 
occurring in association with acute otitis. It occurred more often in 
patients between eleven and twenty years of age, the curve of inci- 
dence tapering of sharply at both extremes of age. 


Metastasis was an uncommon complication before ligation of the 
jugular vein. Involvement of the joints was the most common com- 
plication, the greatest number of cases occurring after ligation and 
treatment of the sinus. Involvement of the joints adds to the serious- 
ness of the disease as it may prove to be the focus which continues 
to feed organisms into the blood stream. 
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Blood cultures are of value as an aid in establishing a diagnosis 
or at least in focusing attention on the lateral sinus. In the presence 
of continuing symptoms negative results of blood cultures should 
not contraindicate examination of the sinus. 


The Ayer-Tobey test is a valuable diagnostic aid. The reliability 
of this test depends upon the experience and carefulness of the 
technician. 


The records bear out definitely the common knowledge that 
the appearance of the sinus gives no indication of what may be within 
it. One has more reason, however, to suspect injury to the endothelial 
lining in cases in which there is a perisinus abscess. 


Sinus thrombosis is not necessarily fatal if not treated surgically. 
Operation is always indicated, as the best means of aiding the patient 
to overcome the infection, affording drainage, thereby tending to 
limit the disease. Extirpation of the focus of disease is an impossi- 
bility; surgery merely aids the patient. 

Postoperative sinus thrombosis occurs infrequently as compared 
with the manifest and latent types of thrombosis. Secondary infec- 
tion of the wound of the neck occurs fairly commonly. 


The percentage of fatalities in general may be considered to be 
between 20 and 30 per cent. In this report the patients who were 
hopelessly ill on admission were excluded. In the combined series 
there were 148 patients, of whom 32, or 21.7 per cent, died and 116, 
or 78.3 per cent, recovered. Excluding intracranial disease, sinus 
thrombosis must be considered to have a relatively high mortality 
rate. TOBEY. 
Epithelioma of the Middle Ear—Pathogenesis and Intracranial Complications 

(Complicazioni endocraniche e patogenesi degli epiteliomi dell’orecchio medio.) 


Antognoli, G. C. (Rome), Riv. Oto.-Neuro.-Off., 12:596 (July-Aug.), 1935. 


Though only one ear case in 10,000 is malignant, and of such 
only one in six is an epithelioma of the middle ear, this author reports 
three cancers arising from the radical operative cavity, rapidly invad- 
ing the petrosa and the cranial cavity and brain, developing from and 
showing throughout the tumor malpighian pavement epithelium. 


The apparent cause seemed to be operative trauma superadded 
to the irritation of chronic otorrhea; also, in two cases, a luetic his- 
tory. Histologic examination of exuberant granulations in radical 
cavities is recommended for persons over 30 who complain of severe 
headache during a prolonged convalescence. 

FENTON. 
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Radical Mastoidectomy in Adults With Aural Tuberculosis and Active Pulmonary 


Tuberculosis. 


Muskat, Irving (Chicago), Arch. of Otolaryng., 22:143 (Aug.), 1935. 


Tuberculosis of the middle ear and mastoid, as seen in the adult 
with active pulmonary tuberculosis, because of its insidious, painless 
onset has not received the attention it merits. 


Tuberculosis of the middle ear and mastoid presents an added 
focus to the pulmonary disease, interfering with the building up of 
bodily resistance which is essential to control of the disease. The 
focus in the mastoid, which is often extensive, can (unlike the pul- 
monary focus) be readily eradicated by the classic radical mastoidec- 
tomy performed with local anesthesia. Patients with pulmonary dis- 
ease improve in health with the eradication of the focus in the 
mastoid. 

TOBEY. 


Influence of Large Doses of Vitamin D (Irradiated Ergosterin) on the Auditory 
Apparatus (Influenza delle dosi eccessive di vitamina D (ergosterina irradiata) 
sull ’ apparato uditivo). 

Scalzitti, M. (Roma), Valsalva, 11:85-93 (February), 1935. 

Histologic researches were conducted on a litter of ten guinea 
pigs. They were fed on a normal diet to which 10 mgm. of pure 
irradiated ergosterin was added daily, in a 1 per cent oily solution. 

The author observed on two of these ten guinea pigs, which 
were fed excessive doses of vitamin D, the following changes in the 
auditory apparatus, especially on the labyrinth: 

1. Connective tissue metaplasia of the osseous capsule with 
thickening of the arterial walls. 

2. Minute decalcified zones at the insertion of the ligament of 
the short process of the incus. 

3. Zone of rarefaction at the articular surface of the stapes 
at the point where the cartilage is attached to the osseous tissue. 

4. Marked dilatation of the modiolus causing its wall to become 
irregular and at many points very thin. 

§. Increase in size of Corti’s canal with dilatation of the afferent 
canaliculi. 

6. Increase of loose connective tissue between the cochlear nerve 


fibers and the canal walls. 
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7. Marked decrease in number of cells of Corti’s (spiral) 
ganglion which appear dilated while the connective tissue between 
these cells become increased in thickness. 


8. The organ of Corti and Scarpa’s ganglion are normal. 


Four microphotographs accompany the article. 


SCIARRETTA. 


Unilateral Leontiasis With Auricular Manifestations (Osteopatia iperostotica 
leontiasica con manifestazioni auriculari). 
Giuffrida, E. (Catania), Arch. Ital. di Otol., Rino. and Laring., 47:81-99 (Febru 
ary), 1935. 

A description is given of a very rare case of bone hypertrophy, 
which began at the age of ten, limited to the left half of the face and 
cranium, and accompanied by marked loss of hearing. The patient 
is now 36 years old and the tumefaction has increased considerably 
since first observed. 


The author considers this case among the chronic hypertrophic 
bone diseases which are represented by Recklinghausen’s and Paget’s 
diseases and leontiasis ossea. 

He believes that while the present knowledge will permit the 
differentiation of Recklinghausen’s disease from Paget’s disease and 
leontiasis, it is not possible to differentiate the Paget’s disease from 
leontiasis. The case reported, due to its characteristics, is to be con- 
sidered to be either leontiasis or Paget’s disease, as the two are also 
histologically identical. The hypoacusia is not of Paget’s type, but it 
is grossly due to leontiasis lesion of the zygomatic process which 
blocks the left external auditory canal. 

In regard to the etiopathogenesis of the case the author expresses 
the hypothesis of a trophoneurosis. 

SCIARRETTA. 


MISCELLANEOUS. 
Delay in Learning to Talk (I ritardi del linguaggio). 
Scuri, D. (Rome), Valsalva, 11:401 (July), 1935. 


The author recommends that any child which by the third year 
fails to talk or makes only a few sounds must undergo careful hearing 
tests; if these prove negative such a child should be immediately 
drilled in phonetics, to avoid the dangers of mental retardation which 
might take place if such training be deferred to the sixth year. 
Obviously, deafened children will require lip reading and sound 
training by other accepted methods, from a similarly early period. 

FENTON. 
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Modern Diagnostic Methods Used for Pneumoencephalography (I moderni metodi 
d’indagine radiologica del nevrasse. La pneumoencefalografia). 


Bertolotti, M. (Milano), Riv. Oto-Neuro-Oftal. and Radio-Neuro. Chir., 11: 
349-454 (July and August), 1934. 


This article covers the entire issue of 114 pages. The subject is 
summarized to date and is profusely illustrated with clear and instruc- 
tive roentgenograms and anatomic drawings. 


The author presents first the anatomy of the ventricular and 
subarachnoid systems. Then he reviews the origin of the technic and 
the numerous variations employed by different authors; types of 
contrast-media and reasons for their selection. 


He finally concludes with a discussion of the indications and 
contraindications for the employment of these diagnostic methods. 


An extensive bibliography is also furnished. 


SCIARRETTA. 
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Notices. 


THe AMERICAN BOARD OF OTOLARYNGOLOGY. 


An examination was held in Cincinnati, Ohio, September 14, 
1935. Fifty-seven candidates were examined, out of which number 
forty-two were certified and fifteen conditioned. 


The Board will hold an examination in Kansas City, Mo., May 
9, 1936, during the meeting of the American Medical Association, 
and in New York City, October, 1936, just prior to the meeting of 
the American Academy of Ophthalmology and Otolaryngology. 
Exact date has not been set as yet. Prospective applicants for cer- 
tificate should address the Secretary, Dr. W. P. Wherry, 1500 Medical 
Arts Building, Omaha, Neb., for application blanks. 

W. P. WHerry, M. D., Secretary-Treasurer. 

H. P. Mosner, M. D., President. 


Among the speakers who will participate in the Fifth Annual 
Midwinter Clinic Course in Ophthalmology and Otolaryngology at 
Los Angeles, January 20 to January 31, 1936, will be Col. Robert 
E. Wright of the British Army Medical Corps at Madras, India; 
Dr. John F. Barnhill of Indianapolis; Dr. Edward Jackson of Denver; 
Dr. John Weeks of New York City; Dr. L. W. Dean of St. Louis; 
Dr. Isidore Friesner of New York; Dr. Thomas E. Carmody of Den- 
ver; Dr. Hans Barkan of San Francisco; Dr. Donald H. O’Rourke 
of Denver; Dr. Vern O. Knudsen of Los Angeles; Dr. Seeley G. Mudd 
of Pasadena, and Dr. Clifford B. Walker of Los Angeles. 


The Registrar of the course is Dr. Pierre Viole, Treasurer, 1930 
Wilshire Blvd., Los Angeles, Cal. 


The Medical School of Washington University offers a one 
week’s intensive course in Ophthalmology and Otolaryngology for 
qualified ophthalmologists and otolaryngologists. The course begins 
Monday, March 2, 1936, at 8:00 A. M. 
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